\ • Access DBS 

SEARCH REQUEST FORM 



Scientific and Technical Information Center 



Requester's Full Name: <f&frtehS BUMMf Examiner #: "71 <&f Date: Z~V>-*>+- 

Art Unit: 1-1 Ate Phone Number 30 <t>ZSA Serial Number: ^74^7S<Q> 

Mail Box and Bldg/Room Location: Results Format Preferred (circle): PAPER DISK ({ E-MAIL 



If more than one search is submitted, please prioritize searches in order of need. x 
********************************************************************** 

Please provide a detailed statement of the search topic, and describe as specifically as possible the subject matter to be searche'dC ^ 
Include the elected species or structures, keywofds/synonyms, acronyms, and registry numbers, and combine with the concept or - 
utility of the invention. Define any terms that may Have a special meaning. Give examples or relevant citations, authors, etc, if , ' 
known. Please attach a copy of the cover sheet/pertinent claims, and abstract. 

Title of Invention: * lOl/J PowZd CAoW' f\£C[\\-& CTU&e " 

Inventors (please provide full names): S\Afe&KrA f^V Arv\ MNNTueAU^- LYv^ Av4 rAOvyirTp^ 

Earliest Priority Filing Date: 17. -2g>- 

*For Sequence Searches Only* Please include all pertinent information (parent, child, divisional, or issued patent numbers) along with the 
appropriate serial number. 

\$Te&^^ 0 Cve.Cu.vT WV\\CU fv^TiCjo^ "DKASLiMCS. ?0&Txo*3 £ A CA^H^< 

a ca<*€ co*Tto^ mernc*? <bASeo t>p i*s*6u**. va^s P^-n^s ctt a r*c^ 



*************************************** 
STAFF USE ONLY Type of Search 

Searcher: iflfeU jgffag / 0 n A Sequence (#) 



************************************************************* 



Searcher Phone #: 
Searcher Location: 




Dale Searcher Picked Up: 
Date Completed: ^ 



Searcher Prep & Review Time: _ 

Clerical PrepiTime: 

Online Time: _ 



AA Sequence (#)_ 

Structure (#) 

Bibliographic 

Litigation 

Fulltext 

Patent Family _ 
Other 



~2L 

y 

~7 



STN_ 



Dialog _ 



Vendors and cost where applicable 



Questcl/Orbit _ 
Dr.Link 



Lexis/Nexis_ 



Sequence Systems _ 

WWW/Internet 

Other (specify) 



PTO-1590 (8-01) 




USPTO 



STIC Database Tracking Number^pfp 



TO: Stephen Elmore 
Location: 2C19 
Art Unit: 2186 
Monday, March 08, 2004 

Case Serial Number: 09/749750 



From: Geoffrey St. Leger 
Location: EIC 2100 
PK2-4B30 
Phone: 308-7800 

geoffrey.stleger@uspto.gov 



Search Notes 



Dear Examiner Elmore, 

Attached please find the results of your search request for application 09/749750. 1 searched Dialog's foreign 
patent files and technical databases. 

Please let me know if you have any questions. 

Regards. 




Geffrey St. 
4B30/308-7800 




- Scorch and Information 
Rcnourcoc Administration 



/ File 347:JAPIO Oct 1 97 6-lR)3/Oct (Updated 040202) 
/ (c) '2004 JPO & JAPIO 

— .rrDerwent WPIX 1 963-2004 /UD, UM &UP=200415 
,:) 2004 Thomson Derwenc 
: EUROPEAN PATENTS 1 978-2004 /Feb W05 
(c) 2004 European Parent Office 
rile 34S:PCT FULLTEXT 1 97 9- 2002 /UB=2004 0304 , UT=2004 022 6 
(c) 2004 WIPO/Univentio 



Set Items Description 

51 40 AU= (MAIYURAN, S? OR MAIYURAN S? OR MOULTON, L? OR MOULTON 

L?) 

52 20 SI AND CACH??? 

53 " ' 1* S2 AND POWER (3N) (CONSUM? OR CONSERV?) 



3/5/1 (Item l.froml^Le: 350) 

DIALOG ( R) File 350:Derwent WPIX - 

(c) 2004 Thomson Derwent . All rts. reserv. 



014938887 ++ Image available** 

WPI Acc No: 2002-759596/200282 

XRPX Acc No: N02-598143 

Processor cache for integrated circuit, has clusters of memory cells in 
each bank, that are associated with half of total number of ways in 
cache 

Patent Assignee: MAIYURAN S J (MAIY-I); MOULTON L (MOUL-I) 

Inventor: MAIYURAN S J ; MOULTON L 

Number of Countries: 001 Number of Patents: 001 
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'< , •:vU;29201 AI 14 G06F-013/00 



Abstract (Basic): US 20020129201 Al 

NOVELTY - The cache (100) has cache entries (110) that are 
organized into sets and ways. Clusters of memory cells in each bank of 
the cache are associated with a half of the total number of ways in 
the cache . 

DETAILED DESCRIPTION - INDEPENDENT CLAIMS are included for the 
following : 

(1) Power control method; and 

(2) Cache control method. 

USE - Processor cache for integrated circuits. 
ADVANTAGE - Reduces power consumption significantly. 
DESCRIPTION OF DRAWING (S) - The figure shows the block diagram of 
the processor cache . 

Cache (100) 

Cache entries .(110) 
pp; 14 DwgNo 1/6 
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CONTROL CIRCUIT THEREFOR 
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ABSTRACT 

PROBLEM TO BE SOLVED: To raise the cache hit rate of a processor with a 
built-in DRAM (dynamic random access memory) and to make power consumption 
small. 



SOLUTION: The DRAM is provided with banks (1-1-1-N) each of whose 
activity/ inactivity are mutually independently driven. Since the 
■a-" : v i t y/ inactivity of each of the banks (1-1-1-N) are controlled by 
: • -:;pv>--:_ i veiy mutually independently operated row controllers (6-1-6-N) , a 
; ( v:h: (word line ) is turned to a selection state in the respective banks, 
pace hit ratio is raised, the number of times of array precharging 
operations at the time of a page error is reduced correspondingly to it and 
the power consumption is made small. 
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ABSTRACT 

!"Kr03£: To improve efficiency for using a memory for an entire processor 
:>y output ting an output from a cache memory part to either a cache 
output or a register output according to a cache enable signal. 

CONSTITUTION: When a cache memory part 110 is not used as a cache , a 
signal showing the cache is disabled is applied from a cache enable 
signal line 102 to an address select circuit 107, input data select 
circuit 109 and cache output select circuit 12. As a result^ an address 
subtracting the set data of a data setting means 104 from a register 
address on a register address line 105 by a subtraction circuit 106, and a 
register' input on a register input line 8 are applied to the cache memory 



part 110 and the out^R of the cache memory par^^lO is sent to a 
register output line 114. Thus, the cache memory part 110 can be used as 
added regist and the memory in the processor can be effectively used. 
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ABSTRACT 

PURPOSE: To execute the operation at a high speed without increasing the 
circuit scale by providing a write buffer circuit which can select whether 
data no the write buffer is inputted from a cache memory or inputted from 
a write data register, by separating it by a byte unit. 

CONSTITUTION: In the case when data width of write to a cache memory 1 is 
under one word, a read/write control circuit 7 executes write to a write 
buffer 102 by making a cache data selective signal line 71a inactive 
, making cache data selective signal lines 71b, 71c and 71d active 
and making a write data write signal 72 active. As a result, the byte 
corresponding to 102a and the byte corresponding to 102b, 102c, and 102d 
are written exclusively in a single cycle from a write data register 3 and 
the cache memory 1, respectively. In such a way, write can be executed in 
i he rime being fewer by one cycle than a conventional example. 
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Vehicle load carrier for transport of goods, has retainer selectively 
engaging or disengaging locking caches , to lock permit rotation of 
pivot joint and frame in stowed or deployed position 

Patent Assignee: YAKIMA PROD INC ( YAKI-N) 

Inventor: DEAN G A 

Number of Countries: 001 Number of Patents: 001 
Patent Family: 
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Abstract (Basic): US 20030057245 Al 

NOVELTY - A pivot joint (30) pivotably connects coupling (14) with 
carrier section (16) of a frame (12). A non-removable retainer (50) 
selectively engages or disengages locking caches , to lock pivot 



joint and frame in eWier stowed or deployed position^R to permit 
rotation of pivot joint and frame between the two positions. 

'!$£ - For transport of recreational and sporting goods like 
; 1 :y *.e, skis, coolers and gears. 

ADVANTAGE - The retainer effectively locks pivot joint, such that 
.c;;.:r: ; and carrier section are locked in either deployed or stowed 
The retainer can be easily extended by hand to lock the 



; on 



carrier section with coupling. 

DESCRIPTION OF DRAWING (S) 
the load carrier. 

pp; 13 DwgNo 1/9 
Title Terms: VEHICLE; LOAD; CARRY; 
; DISENGAGE; LOCK; LOCK; PERMIT ; 
DEPLOY; POSITION 
Derwent Class: Q17 
International Patent Class 
Fi Le Segment : EngPI 



The figure shows the isometric view of 
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(Main) : B60R-009/00 
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Cache memory manufacturing yield improving method for computer system, 
involves disabling defective cache blocks and operating remaining 
cache blocks without performing cache addressing modification 

Patent Assignee: CHERABUDDI R (CHER-I); KAS I NATHAN M (KASI-I) 

■■.Y.ii'-'r: CHERABUDDI R; KAS I NATHAN M 
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Patent Details: 
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Abstract (Basic) : US 20030088811 Al 

NOVELTY - The defects in cache blocks of a cache memory (13) 
are determined. The defective cache block is disabled and remaining 
cache blocks are operated, without performing cache addressing 
modi fica t ions . 

DETAILED DESCRIPTION - An INDEPENDENT CLAIM is also included for 
cache memory. 

USE - For improving manufacturing yield of multi-way associative 
cache memory (claimed) in microprocessor cache system of computer 
system . 

ADVANTAGE - Increases manufacturing yield of the cache memory 
without using expensive redundancy address mapping overhead by 
selectively disabling defective cache blocks during cache 
write operation, thereby reducing size and complexity of memory 
circuit . 

DESCRIPTION OF DRAWING (S) - The figure shows the block diagram of 
* r ■ - ; nmp ucer system. 

cache memory (13) 
pp; 8 DwgNo 1/3 
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Memory for data processing system, has power down control circuitry that 
prevents precharging of the bit lines , while ensuring that memory cells 
are not selected , in power down mode 

Patient Assignee: ARM LTD ( ARMA-N ) 

Inventor: BRAUER M L; PIEJKQ A R; SILLA M A; WILLIAMS G R 
Number of Countries: 001 Number of Patents: 001 
Patent Family: 
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US 6552949 Bl 20030422 US 200262567 A 20020205 200344 B 

Priority Applications (No Type Date) : US 200262567 A 20020205 
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US 6552949 Bl 19 G11C-007/00 

Abstract ' (Basic) : US 6552949 Bl 

NOVELTY - A pair of bit lines (515,525) is arranged such that 
.relative change in voltage level between the bit lines indicates the 
data value stored within the memory cell selected in evaluation phase 
following precharging phase. A power down control circuitry 
prevents precharging of the bit lines and the selector circuitry 
ensures that the memory cells are not selected , in a power down 
mode. 

DETAILED DESCRIPTION - An INDEPENDENT CLAIM is also included for 
method for operating memory. 

USE - Memory e.g. cache memory for data processing system. 

ADVANTAGE - Reduces leakage current in power down mode of 
operation, by preventing precharging of bit lines during power down 
mode . 

DESCRIPTION OF DRAWING (S) - The figure shows a circuit diagram of 
the memory. 

precharge transistors (505) 
bit lines (515,525) 
pp; 19 DwgNo 4A/4 
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Server cluster operation method for network services, involves 
deactivating selected server responsive to decrease in server cluster 
traffic, so that active servers access portion of memory 

Patent Assignee: INT BUSINESS MACHINES CORP (I BMC ) 

Inventor: KISTLER M D 

Number of Countries: 001 Number of Patents: 001 
Patent Family: 

Patent No Kind Date Applicat No Kind Date Week 
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Priority Applications (No Type Date) : US 2001931290 A 20010816 
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Abstract (Basic) : US 20030037268 Al 

NOVELTY - The accessing of selected server's memory by active 
servers (110) on server cluster (101) is prevented, when the selected 
server is powered up. The selected server is deactivated responsive to 
decrease in server cluster traffic, for permitting the active servers 
to access portion of memory. A file is retrieved from selected server's 
file cache in response to request received by active servers. 

DETAILED DESCRIPTION - INDEPENDENT CLAIMS are also included for the 
following : 

(1) server; and 

(2) data processing network. 

USE - For operating server cluster connected to client such as 
desktop or laptop computer, personal digital assistant, network 
computer or workstation, Internet-enabled phone through gateway 
connected to wide area network, for network computing and network 
services . 

ADVANTAGE - Reduces power consumption, since the cache files in 
powered-down servers are accessible by active servers, thereby 
improving performance. 

DESCRIPTION OF DRAWING (S) - The figure shows the block diagram of 
the data processing network. 

server cluster (101) 

active servers (110) 

pp; 10 DwgNo 1/6 
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Microprocessor for executing multithreaded program in computer, fetches 
new thread based on stored address in response to cache miss indication 
signal 

Latent Assignee: SUN MICROSYSTEMS INC (SUNM ) 
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Number of Countries: 001 Number of Patents: 001 
Patent Family: 

Patent No Kind Date Applicat No Kind Date Week 
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Mi-.sLrci.JL (Basic): US 6295600 Bl 

NOVELTY - A thread switching logic (112) receives a thread 
indicator of load instruction from one execution unit (41) in response 
to the reception of the cache miss indication signal (114). A program 
address register corresponding to thread indicator is selected to 
invoke the fetching of a new thread. Dispatch of decoded instruction 



: : respective sel^Pced instruction buffer to execi^lon unit , is 

disabled and enabled subsequently. 

DETAILED DESCRIPTION - An INDEPENDENT CLAIM is also included for 
computer system. 

USE - For use in computer to execute multithreaded program. 

ADVANTAGE - The switching between the threads of a program is 
enabled in response to a long latency event such as load/store 
operations which triggers a thread switch if there is a miss in 
specific cache level. 

DESCRIPTION OF DRAWING (S) - The figure shows the portion of 
microprocessor with multithreading capability. 

Execution unit (41) 

Thread switching logic (112) 
Cache miss indication signal (114) 

pp; 11 DwgNo 3/7 
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Automatic re-configuration system for multiple-way cache system - has 
cache fill logic device that selects which one of N sets of tag and data 
RAMs will be utilised to fill in data retrieved from main memory after 
cache miss operation 
Patent Assignee: UNISYS CORP (BURS ) 
Inventor: WHITTAKER B E 

Number of Countries: 001 Number of Patents: 001 
Patent Family: 

Patent No Kind Date Applicat No Kind Date Week 
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Patent No Kind Lan Pg Main IPC Filing Notes 
US 5666513 A 12 G06F-012/08 

Abstract (Basic): US 5666513 A 

The system includes N sets of tag rams for holding tag addresses of 
cache data words residing in each one of N associated sets of data 
rams each one of the addresses involving an upper byte and a lower 
byte. N sets of parity rams each the set holds a parity bit for each 
upper byte address and each lower byte address plus a status parity bit 
which indicates the parity of the combination of a valid bit (V) and a 
resource bit (R) . Each one of the N sets of tag rams is selectively 
pl^/e on- line or off- line . A switch unit receives enable/ disable 

signals from the maintenance subsystem device for determining which 
ser of the N sets of tag rams will be on-line or off-tine. A cache 
control device checks the upper parity bit, the lower parity bit and 
the status parity bit. A cache fill logic device selects which one of 
the N sets of tag and data rams will be utilised to fill in data 
retrieved from main memory after a cache miss operation. 

ADVANTAGE - Enables operator control and maintenance subsystem 
control of cache -set configurations. 
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Reconf igurable cache memory - selectively inhibits access to damaged 
segments of cache memory by taking failing area of memory off-line for 
access by CPU by maintaining on-line access for cache consistency 
operations 

Patent Assignee: AMDAHL CORP (AM DA ) 

Inventor: HILTON R N 

Number of Countries: 001 Number of Patents: 001 
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US 5410668 A 13 G06F-013/14 

Abstract (Basic): US 5410668 A 

The cache memory system includes a buffer having a number of 
segments storing lines of data in addressable storage locations. A 
first access path is used for accessing the number of segments in 
parallel for access by the CPU, and a second access path is provided 
for access to the number of segments in the buffer in parallel for 
cache consistency access. 

Access to damaged segments is selectively disabled by 
inhibiting tag match and line replacement through the first access 
path without affecting the second access path. Thus, by disabling the 
first access path to selected segments, a damaged segment is 
reconfigured off- line without a quiescent state or an extended clocks 
off period affecting CPU performance. 

USE /ADVANTAGE - Reconfiguration of cache memory by removing 
failing segments of cache off-line in response to detection of hard 
errors in failing segment. 
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Programmable cache memory associating sections of main memory with 
enable-disable status bit - has selectively addressable storage locations 
for each memory section, from which data is successively requested, with 
data reading-storing by cache being inhibited w.r.t. disable bit status 
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US 5297270 A 12 G06F-013/00 Cont of application US 89435320 

Abstract (Basic): US 5297270 A 

The system includes a main memory having a number of sections, each 
including a number of selectively addressable storage locations, a 
cache memory, and an accessing arrangement for successively requesting 
data from respective locations in the main memory. A control appts. 
assigns each section of the main memory a changeable status condition 
which is one of a caching enabled status and a caching disabled 
status . 

The status condition inhibits reading and storing of data by the 
cache memory when data requested by the accessing unit is in one of 
the sections of the main memory having the caching disabled 
status. Alternatively, the controller selectively operates the system 
in a mode in which data in the cache memory is updated even when 
reading of data from the cache memory is inhibited. 

ADVANTAGE - Operable with memory areas of varying size. Flexible in 
defining memory addresses for which operation of cache memory is not 
permitted. Minimal additional hardware or software. 
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Data processing system with reconf igurable multi-way associative cache 
memory - has addressable main memory storing data at low speed with 
associated cache memory storing data at high speed with tag 
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Abstract (Basic): EP 549508 A 

The system comprises an addressable main memory (104) for storing 
data at relatively low speed with each main address comprising multiple 
main memory address bits. Addressable associated cache memory stores 
data from main memory of high speed. This is done at cache memory 



addresses correspond^!! to predetermined low order mal^Pmemory address 
bits and the cache memory assigns a tag with the stored data which 
corresponds to predetermined high order main memory. 

A tag responsive cache memory reconfiguring unit (120) stores 
data at reconfigured cache memory addresses corresponding to 
predetermined low order address bits in combination with at least one 
significant bit of the tag. 

ADVANTAGE - Average access time is improved considerably. 

Dwg .7/8 

Title Terms: DATA; PROCESS; SYSTEM; MULT I ; WAY; ASSOCIATE; CACHE ; MEMORY; 

ADDRESS; MAIN; MEMORY; STORAGE; DATA; LOW; SPEED; ASSOCIATE; CACHE ; 

MEMORY; STORAGE; DATA; HIGH; SPEED; TAG 
Derwent Class: T01 

International Patent Class (Main): G06F-012/08; G11C-013/00 
File Segment: EPI 



7/5/13 (Item 10 from file: 350) 

DIALOG (R) File 350: Derwent WPIX 

(c) 2004 Thomson Derwent. All rts. reserv. 

..T; 90 91 396 * + Image available" 4 ' + 
Arc No: 1992-218819/199227 

:■'.!< PX Acc No: N 92 -166158 

Test circuit for semiconductor integrated circuit - facilitates precision 
testing of circuit including for example large capacity memory circuit 
and logic circuit 

Patent Assignee: TOSHIBA KK (TOKE ); TOSHIBA MICROELECTRONICS CORP (TOSZ 
} 

Inventor: NOGAMI K; SHIROTORI T 

Number of Countries: 005 Number of Patents: 005 
Patent Family: 



Patent No Kind 


Date 


Applicat No 


Kind 


Date 


Week 


EP 492624 Al 


19920701 


EP 91122220 


A 


19911224 


199227 


US 5388104 A 


19950207 


US 91813444 


A 


19911226 


199512 


EP 492624 Bl 


19970219 


EP 91122220 


A 


19911224 


199713 


DE 69124735 E 


19970327 


DE 624735 


A 


19911224 


199718 






EP 91122220 


A 


19911224 




KR 9600346 Bl 


19960105 


KR 9123915 


A 


19911223 


199905 


Priority Applications (No Type Date): JP 90418754 


A 19901227 


Cited Patents: No- 


SR. Pub; 2. 


Jnl.Ref; EP 385591 






Patent Details: 












Patent No Kind Lan Pg Main IPC Filing 


Notes 






EP 492624 Al E 


18 G11C- 


029/00 








Designated States (Regional) : DE FR GB 








US 5338104 A 


16 GllO 


029/00 








F.L- 4 92 624 Bl E 


20 G11C- 


029/00 








f'es.: q nailed States (Regional): DE FR GB 










G11C- 


029/00 Based 


on patent EP 4 


92624 


''■:< U'M6 31 


GllO 


029/00 








Abscracc (Basic) : 
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The test circuit has several writable/readable memory blocks 
(M4,M5) with different address spaces and an address decoder for 
selecting addresses of the memory blocks. Multiple memory blocks share 
part of addresses in test mode of the memory blocks. Writing in a 
memory block (M4) other than the memory block (M5) with the largest 
address space is disabled during a period in which address signals 
for commonly performing address scan of individual memory blocks 
exceeds the address width of that memory block. 

A logic circuit supplies address signals. The memory blocks are a 
cache memory. 

ADVANTAGE - Permits several memory blocks with different address 
spaces mounted on same chip to be tested at same time. High precision. 
Avoids putting any burden on generation of test vectors or test circuit 
for use in BIST method. 
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Enhanced locked-bus cycle controller for cache memory - maintains 
control of bus by inhibiting hold request to controller while processor 
lock cycles are not passed to controller 
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Abstract (Basic) : EP 425843 A 

The system provides a cache control register or port wherein the 
value of the specified bits sets the locked bus cycle operation to one 
of three modes. Mode one passes all processor locked cycles to the 
cache controller simulating the prior Intel method. Mode two disables 
the locked cache controller from operating in a locked mode. 

Mode three provides an enhanced locked cycle methodology which 
allows most locked cycles from the processor to execute out of cache 
memory and allows multiprocessing with shared memory without increasing 
the possibility of semaphore errors. 

ADVANTAGE - Increased operating speed, (llpp Dwg.No.1/3 
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Memory management of microprocessor system - converting virtual to 
physical address using segment and pace descriptors 
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Abstract (Basic) : DE 3618163 A 

The microprocessor system contains a segmenting mechanism to 
provide conversion of the virtual address into a second linear address, 
as well as providing testing and control of the data memory segment 
attributes. The microprocessor chip (10) is coupled to a main 
read/write memory (13). The microprocessor is a 32 bit type and 
operates with a physical address of 32 bits that is generated by the 
management system that converts 48 bit virtual addresses using either a 
segmenting or paying method. 

The address conversion unit (20) has separate modules for the two 
techniques with one unit having a segment descriptor register and the 
other a segment descriptor (21) cache memory (22) . Attribute data 
provides protection of the memory contents of the system. (36pp 
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"j -hf? memory system for superscalar microprocessor, powers and selects 

memory banks based on state of predetermined bits of received address for 

data access 
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Abstract (Basic): US 6442667 Bl 

NOVELTY - A pair of multiplexers (520-527,535) select cache 
banks (510-517) powered by decoders (501,505) for data access based 
on states of specified bits of a received address (31). A buffer (503) 
provides physical address for specified virtual address bits of 
received address to select a cache line. A validation unit (530) 
validates the selected line based on a valid tag indicating a match 
between cache and received addresses, received from a table (518). 

USE - For superscalar microprocessor. 

ADVANTAGE - By powering and selecting the cache banks based on 
the states of predetermined bits of the received address, power 
consumption of the cache memory is reduced thereby reducing heat 
generation . 

DESCRIPTION OF DRAWING (S) - The figure shows the block diagram of 
the cache memory system. 
Address (31) 
Decoders (501, 505) 
Buffer (503) 

Cache banks (510-517) 
Table (518) 

Multiplexers (520-527, 535) 
Validation unit (530) 
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Abstract (Basic): US 20010026465 Al 

NOVELTY - A tag array (560) and a data array (580) has N/M sets 
with match lines connected to respective K ways. Way selection decoders 
(540) enabled by a set selection signal, generates way selection 
signals. The tag array compares tag addresses in the selected K 
ways with an external tag address, to activate the match line of 
thai: way to a voltage level, when both the addresses are identical. 

USE - For microprocessors used in data processing system, embedded 
system such as hand-held telephone. 

ADVANTAGE - -The power consumed in determining MIT/MISS of the 
cache memory access is decreased. The parallel connection of 
transistors in the tag array which are connected to the match line 
improves operating speed. 

DESCRIPTION OF DRAWING (S) - The figure shows the block diagram of 
cache memory. 

Way selection decoders (540) 

Tag array (560) 

Data array (580) 
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Cache device for microcomputer, selects and activates specific word 
lines of objective memory access blocks , based on the offset field 
in access address 
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Abstract (Basic) : JP 2001306395 A 

NOVELTY - A block of memory cells in a RAM (310) is connected to 
word lines, selectively. The access objective block is identified based 
on the index field in access address of CPU. A controller (352) 
selects and activates specific word lines of access blocks , 
based on the offset field in the received access address. 

DETAILED DESCRIPTION - INDEPENDENT CLAIMS are also included for the 
following : 

(a) Semiconductor device; . Xp^^ 

(b) Microcomputer; AlL * 

(c) Electronic device 

USE - For microcomputer (claimed), electronic device (claimed) e.g. 
notebook PC, portable telephone. 

ADVANTAGE Reduces power consumption by selective 
activation of memory blocks . 

DESCRIPTION OF DRAWING (S) - The figure shows the cache device 
with word line selector. (Drawing includes non-English language text) . 

RAM (310) 

Controller (352) 
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Abstract (Basic): JP 2000298618 A 

NOVELTY - Several sets of tags and lines are provided collectively. 
The usage of the specific sets of tags and lines is prohibited by 
praxis of an exclusive instruction set up by a register (17). An AND 
gate (16) performs logical AND of read-out control signal supplied to 
tag and line from a controller (14) with the value stored in register. 

USE - Set associative type cache memory device. 

ADVANTAGE - Reduces power consumption without reducing hit-rate 
of cache memory. 

DESCRIPTION OF DRAWING (S) - The figure shows the schematic view of 
■ ne set associative type cache memory device. 

Controller (14) 

AND Gate (16) 



Register (17) 
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Main memory of data processing system - is independent of supply of 

power to all units in data processing system 
Patent Assignee: HITACHI LTD (HITA ) 
Number of Countries: 001 Number of Patents: 001 
• ^'.enu Family: 

Patent No Kind Date Applicat No Kind Date Week 

JP 2000010674 A 20000114 JP 98178497 A 1998062 200014 B 

Priority Applications (No Type Date) : JP 98178497 A 19980625 
Patent Details: 

Patent No Kind Lan Pg Main IPC Filing Notes 
JP 2000010674 A 7 G06F-001/26 

Abstract (Basic): JP 2000010674 A 

NOVELTY - The display, peripheral and LAN controllers (15, 18,16) 
and main and cache memory units (14,12) are connected to system 
controller, via PCI bus (17) and memory bus respectively. The power 
supply system supplies power to each unit of the data processing 
system. The supply of power to all units in the data processing 
system is performed independent of the power supply to non-volatile 
memory . 

USE - For personal computer system. 

ADVANTAGE - The hardware of data processing terminal is minimized 
and thereby reducing space required and cost needed. Enables saving 
power at the time of standby. DESCRIPTION OF DRAWING (S) - The figure 
shows explanatory hardware block of data processing system. (12,14) 
Main and cache memory units; (15) Display controller; (16) LAN 
controller; (17) PCI bus; (18) Peripheral controller. 
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Power supply switching device of single chip microcomputer - includes 
control unit which releases low power consumption state of internal 
circuit and performs dynamic low power consumption control when hit 
information indicates cache error 

Patent Assignee: HITACHI LTD (HITA ); HITACHI MICON SYSTEM KK (HITA-N) 

Number of Countries: 001 Number of Patents: 001 

Patent Family: 



Patent No Kind Datl^ Applicat No Kind Date ^^Week 

JP 11134077 A 19990521 JP 97298042 A 19971030 199931 B 

Priority Applications (No Type Date) : JP 97298042 A 19971030 
Patent Details: 

Patent No Kind Lan Pg Main IPC Filing Notes 
JP 11134077 A 14 G06F-001/32 

Abstract (Basic): JP 11134077 A 

NOVELTY - A data processor has CPU (2) and cache memory (4). When 
cache error is not indicated corresponding to hit information (HIT), 
the condition of internal circuit is switched to low power 
consumption state. When hit information indicates cache error, a 
-nr rol unit (41) releases low power consumption state of 
erna 1. circuit and controls dynamic low power consumption . 
DETAILED DESCRIPTION - An INDEPENDENT CLAIM is also included for data 
processing system. 

USE - In single chip microcomputer, microprocessor. 

ADVANTAGE - Enables appropriate control of power consumption 
condition of module, since there is no need for dynamic operation based 
on condition of cache memory. Reduces power consumption of data 
processor. Reduces wastage of power, since static low power 
consumption opposing peripheral circuit is also used along with 
dynamic low power consumption . Avoids need for power consumption 

in bus controller and input and output circuit, since there is no 
external access operation. DESCRIPTION OF DRAWING (S) - The figure shows 
che block diagram indicating the power supply switching device. (2) 
CPU; (4) Cache memory; (41) Control unit. 
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Content addressable memory (CAM) 
Patent Assignee: TEXAS INSTR INC (TEXI ) 
Inventor: FUNG P K; TRAN H V 

Number of Countries: 026 Number of Patents: 002 
Patent Family: 

Patent No Kind Date Applicat No Kind Date Week 

EP 920030 A2 19990602 EP 98309665 A 19981125 199926 B 

JP 11283378 A 19991015 JP 98334683 A 19981125 200001 

Priority Applications (No Type Date) : US 9767293 P 19971126 
Patent Details: 

Patent No Kind Lan Pg Main IPC Filing Notes 
EP 920030 A2 E 17 G11C-015/04 

Designated States (Regional) : AL AT BE CH CY DE DK ES FI FR GB GR IE IT 
• LI LT LU LV MC MK NL PT RO SE SI 
JP 11283378 A 15 G11C-015/04 

Abstract (Basic) : EP 920030 A2 

NOVELTY - The content addressable memory (CAM) comprises a data 
cache for storing data associated with each tag. A tag memory has rows 
and columns of tag cells. Each tag cell (10) stores a bit of a tag and 
has a multiplexing switch (16) to receive a cell output signal 



representing the bit^H^ number of bit- select lines^PSach connect 
cells of one column and activate the multiplexing switches of those 
cells. A number of readlines (15) each connect cells of a row and 
receive a cell output signal from a cell of that row via the cell's 
associated multiplexing switch. A tag compare circuit receives cell 
output signals via each readline and compares a cell output signal on 
each readline with a signal representing a bit of the target tag. A 
• or::e r . Lag line sequentially delivers bits of the target tag to the ta 

luoci ru circuit. A hit line indicates the results of comparisons made 
:-y f .r;e uag compare circuit. A data bus outputs data from the data 
cache when a tag is matched to the target tag . A controller has a 
control input to receive control signals, and activate the bit- 
select lines and generate a readout signal to activate the data 
cache such that data associated with a matched tag may be retrieved 

DETAILED DESCRIPTION - An INDEPENDENT CLAIM is included for a 
method of sequentially comparing a target tag to tags stored in a tag 
memory portion of a content addressable memory. 

USE - The CAM is used in a cache system. For e.g. packet 
communications systems. 

ADVANTAGE - Reduces die area of memory. Eliminates current spikes 
by reducing power consumption . CAM may be easily programmed to 
accommodate target tags having varying lengths. 

DESCRIPTION OF DRAWING (S) - The drawing shows a tag cell of a CAM. 

Tag cell (10) 

Readline (15) 

Multiplexing switch (16) 
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Cache memory - outputs indexed data externally by reading data from 

selected memory cell indicated by access form indication signal to path 

indicated by path selecting signal 
Patent Assignee: HITACHI LTD (HITA ) 
Number of Countries: 001 Number of Patents: 001 
Patent Family: 

Patent No Kind Date Applicat No Kind Date Week 

JP 11039216 A 19990212 JP 97198033 A 19970724 199917 B 

Priority Applications (No Type Date) : JP 97198033 A 19970724 
Patent Details: 

Pacenc No Kind Lan Pg Main IPC Filing Notes 
JP 11039216 A 9 G06F-012/08 

Abstract (Basic): JP 11039216 A 

NOVELTY - The control unit outputs indexed data externally by 
reading data from selected memory cell indicated by access form 
indication signal { ATYP) to path indicated by path selecting signal 
(WSEL) . Memory cells are juxtaposed with data array to which two or 
more paths are assigned. 

USE - In secondary semiconductor memory for computer. 

ADVANTAGE - Improves through-put of memory. Reduces power 
consumption . Offers burst access such as continuous read access. 
Enables top priority selection selectively . DESCRIPTION OF 
DRAWING (S) - The figure shows block diagram of semiconductor memory. 
(ATYP) Access form indication signal; (WSEL) Path selecting signal. 
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Instruction fetch system for reduced instruction set computer (RISC) 

processor 
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Number of Countries: 001 Number of Patents: 001 
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Priority Applications (No Type Date): US 9364189 A 19930517; US 95491491 A 

19950616; US 96686363 A 19960724 
Patent Details: 

Patent No Kind Lan Pg Main IPC Filing Notes 

US 5870574 A 9 G06F-009/30 Cont of application US 9364189 

Div ex application US 95491491 
Div ex patent US 5568442 

Abstract (Basic) : US 5870574 A 

NOVELTY - An instruction selection MUX (84) accesses groups of 
instructions with different sets of ordered addresses, simultaneously 
from an instruction cache (20) . The groups of instructions are 
executed during specific cycles. The instruction groups are transferred 
to an instruction decoder (90) during the specified cycles. A program 
counter (88) generates the sequence of ordered instruction addresses 
during successive cycles. 

DETAILED DESCRIPTION - An INDEPENDENT CLAIM is included for the 
."iet hod of fetching instructions in a RISC processor. 

USE - RISC processor. 

ADVANTAGE - Reduces word line lengths thus reducing capacitive 
loading of word lines and power consumption . Predecodes portion 
of cache addresses on processor to select particular segment of 
cache memory. Reduces power consumption of memory modules and 
support circuitry by reducing cache accesses. 

DESCRIPTION OF DRAWING { S ) - The 'figure shows the block diagram of 
the instruction fetch system. 

instruction cache (20) 

instruction selection (84) 

program counter (88) 

instruction decoder (90) 
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Set associative cache memory - operates in low- power mode by 
selecting only portions of cache memory needed to perform certain 
operations 

Patent Assignee: BENCHMARQ MICROELECTRONICS INC (BENC-N) 
Inventor: LAU W; SHEPPARD D P 

N'jinber of Countries: 001 Number of Patents: 001 
rn f (;n: Family: 

Patent No Kind Date Applicat No Kind Date Week 

US 5682515 A 19971028 US 938207 A 19930125 199749 B 

US 96664319 A 19960610 

Priority Applications (No Type Date) : US 938207 A 19930125; US 96664319 A 

19960610 
Patent Details: 

Patent No Kind Lan Pg Main IPC Filing Notes 

US 5682515 A 12 G06F-012/00 Cont of application US 938207 

Abstract (Basic): US 5682515 A 

A four-way cache data memory is provided, having a cache data 
RAM (30) and a tag RAM (28) . The tag RAM is enabled to access one of 
the tags. This tag is compared with the tag portion of the received 
memory address to determine if a tag is stored within. If a true 
comparison results, a HIT is indicated and this is utilized to enable a 
portion of the cache data RAM. 

The data in the enabled portion is then output on the data bus. 
Additionally, the data output of the cache data RAM is inhibited 
unless it is determined that the cache data stored in the cache 
data RAM is valid, this information stored in a status RAM (62). 

ADVANTAGE - Has reduced power consumption . 
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Maintaining cache coherency while minimising power consumption 
operating 1st MPU at low power consumption , starting 2nd MPU write 
cycle on system bus to request cache data, snooping write cycle using 
bus interface of 1st MPU and signalling that modified cache line data 
is stored in cache of 1st MPU 

Patent Assignee: INTEL CORP (ITLC ) 

Inventor: CARMEAN D M; CRAWFORD J 

Number of Countries: 001 Number of Patents: 001 
Patent Family: 

Patent No Kind Date Applicat No Kind Date Week 

US 5669003 A 19970916 US 94363744 A 19941223 199743 B 

Priority Applications {No Type Date) : US 94363744 A 19941223 
Patent Details: 

Patent No Kind Lan Pg Main IPC Filing Notes 
"5 ^689003 A 11 G06F-001/32 

Abstract (Basic) : US 5669003 A 

The method includes operating a first processor in a reduced power 



mode. While the f ir^^processor is operating in a reified power 

mode, certain parts of the internal logic in the first processor 
remain clocked so that the first processor continues to monitor 
transactions on the system bus. The second processor runs a transaction 
on the system bus to request data. 

In the event that the first processor determines that the 
transaction by the second processor is requesting cache data that is 
stored in the first processor in a modified state, the first processor 
signals the second processor. After the current bus cycle is completed, 
the first processor writes back the modified cache line on the system 
bus and second processor re-runs the transaction on the system bus. 

ADVANTAGE - Totally transparent interaction with external bus while 
minimising power consumption . 
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Solid state memory unit of computer - has switch provided between sense 
circuit and memory cell arrays of cache memory, which is operated based 
on part selecting signal to select optimum path 

p-:t-_cnL- Assignee: HITACHI LTD (HITA ) 

ivii^oei: of Countries: 001 Number of Patents: 001 

Patent Family: 

Patent No Kind Date Applicat No Kind Date Week 

JP 9179784 A 19970711 JP 95340282 A 19951227 199738 B 

Priority Applications (No Type Date) : JP 95340282 A 19951227 
Patent Details: 

Patent No Kind Lan Pg Main IPC Filing Notes 
JP 9179784 A 12 

Abstract (Basic): JP 9179784 A 

The memory unit has a cache memory with several paths. The cache 
memory has memory cell arrays (CMA1 / CMA2) to store a part of the data 
siored by a main memory. A path selection signal is generated based on 
the tag information. 

A switch (SW) is inserted between the memory cell arrays and a 
sense circuit (SA) . Optimum part is selected by the operation of 
the switch , based on the path selection signal. 

ADVANTAGE - Restrains power consumption even with increase in 
number of paths . 
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Invalidating cache memory in low-power state - has logic circuit that 
powers up integrated circuit in reduced power consumption state to 
run invalidation cycle in cache memory and places integrated circuit 
back into reduced power consumption state after invalidation cycle 
has completed 

Patent Assignee: INTEL CORP ( ITLC ) 

Inventor: BEUTLER R R; CONARY J W 

Number of Countries: 001 Number of Patents: 001 

P^uenu Family: 

No Kind Date Applicat No Kind Date Week 

■ / - :<16 A .19970513 US 91778575 A 19911017 199725 B 

US 9336470 A 19930324 

US 95543523 A 19951016 

Priority Applications (No Type Date): US 9336470 A 19930324; US 91778575 A 

19911017; US 95543523 A 19951016 
Patent Details: 

Patent No Kind Lan Pg Main IPC Filing Notes 

US 5630146 A 26 G06F-001/32 CIP of application US 91778575 

Cont of application US 9336470 
Cont of patent US 5481731 

Abstract (Basic): US 5630146 A 

Circuitry places the processor in a reduced power consumption 
State. Circuitry is also provided for powering up the processor out of 
the reduced power consumption state to invalidate data in the 
cache in order to maintain cache coherency while in the reduced 
power consumption state. 

ADVANTAGE - Allows processor to invalidate individual line of 
its internal cache while in non-clocked low power state. Does not 
require additional hardware in computer system, nor require changes to 
be made to circuit board of computer. Computer system can be upgraded 
to enhance its performance without changes to the remainder of the 
system . 
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Power management control method for external cache of computer system 
and circuit thereof - monitoring CPU and bus state to control chip select 
or input clock of external cache 

Patent Assignee: COMPAL ELECTRONICS INC (COMP-N) 

Inventor: GONG S 

Number of Countries: 001 Number of Patents: 001 
Patent Family: 

Patent No Kind Date Applicat No Kind Date Week 

TW 291545 A 19961121 TW 94106838 A 19940726 199712 B 

Priority Applications (No Type Date) : TW 94106838 A 19940726 
Pa cent Details: 

I'iioiv: No Kind Lan Pg Main IPC Filing Notes 



TW 291545 A 



GW-001/32 



Abstract (Basic) : TW 291545 A 

The power management control for external cache of computer 
system is mainly based on receiving ADS, M/IQ, HLDA and RDY in the 
system bus to judge system status and bus utilization. 

When che system CPU is not in the bus or 1-0 period, and the system 
is not in DMA mode, a power saving control signal is generated, 
'■'-nurolling the chip select line of external cache , making it in 
imselected non-working state. 
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Memory device for microprocessor - selects and outputs data, specified by 
lower order bit of address, from stored data of one line by latch line 
circuit without reading random access memory 

Patent Assignee: MATSUSHITA DENKI SANGYO KK (MATU ) 

Number of Countries: 001 Number of Patents: 001 

Patent Family: 

Patent No Kind Date Applicat No Kind Date Week 

JP 8263366 A 19961011 JP 9567726 A 19950327 199651 B 

Priority Applications (No Type Date): JP 9567726 A 19950327 
Patent Details: 

Patent No Kind Lan Pg Main IPC Filing Notes 
JP 8263366 A 19 G06F-012/04 

Abstract {Basic): JP 8263366 A 

The device includes a line latch circuit (120) which stores the 
data in one line read from a random access memory (116) . The data 
specified by a lower order bit of an address are selected and output 
from the stored data in one line without reading the RAM. 

A -branched address (104) or a sequential address relating to an 
access but not into a same line as the last access in the RAM is 
selected. 

ADVANTAGE - Reduces power consumption to select from line 
data read during last access and stored to line latch. Enables 
supplying data and provides access. Enables completing access of cache 
memory . 
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RISC type microprocessor for desktop and notebook computer - has address 
bit being predecoded to activate selected segment with groups of 
instructions being accessed from cache in parallel and stored in 
register 

Patent Assignee: SILICON GRAPHICS INC (SILI-N) 
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Number of Countries: 001 Number of Patents: 001 
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Abstract: (Basic): US 5568442 A 

The microprocessor includes N cache segments organised into X 
rows and Y columns, a predecoder, and a bus system. Also provided are 
several X word line drivers, N row decoders, a staging register, and a 
K:l multiplexer. The cache segments have a subset of the Y columns 
included in the cache and X segmented word lines. The predecoder 
receives a portion of a unique index field and has outputs coupled to N 
segment select lines. 

Each predecoder, corresponding to one cache segment, decodes the 
first portion to assert a select signal on one segment select line 
identified by this portion. The amp/write units couple each cache 
segment to the bus and each have an input coupled to a select line . 
Each row decoder decodes the second portion of the index field to 
activate an X word line driver when a select signal is asserted. 
The staging register receives a group of K data words, group length 
being Y/N bits, from the segment when a select signal is asserted. The 
multiplexer receives a third portion of the index field and decodes 
this portion to select one of the K data words. 

USE/ADVANTAGE - For portable computing device. Segmented cache 
reduces word line loading to reduce power consumption and increase 
speed. Reduced number of cache accesses, e.g. by factor of two, 
during sequential instruction execution as stored instructions are 
fetched from register. Provides high performance advantages of RISC 
.■iesign with reduced cost and power dissipation. 
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Power saving architecture for cache memory - has decoder /driver 
assembly which selects exclusively either first or second array, and 
electrically activating one of wordlines in selected array in accordance 
with address signal 

Patent Assignee: INTEL CORP (ITLC ) 

Inventor: DIMARCO D P; HOSE R K 

Number of Countries: 001 Number of Patents: 001 



Patent Family: 
Patent No Kind 
US 5555529 A 



Priority Applications (No Type Date): US 93174382 A 19931228; US 95542514 A 

19951013 
Patent Details: 

Patent No Kind Lan Pg Main IPC Filing Notes 

**? 5555529 A 8 G11C-007/00 Cont of application US 93174382 

Abstract (Basic): US 5555529 A 

The system includes a first memory array with memory cells for 
storing digital data. A second memory array has memory cells that 
stores digital data. A single wordline address decoder/driver assembly 
for receives an address signal from the CPU. The decoder/driver 
assembly has device for selecting exclusively either the first or the 
second array, and electrically activating one of the wordlines in the 

selected array in accordance with the address signal. Each bit line 
column intersected by the electrically activated word- line 
electrically discharges to provide the value of the memory cell at the 
point of intersection. Each bit line column intersected by the 
unactivated corresponding wordline does not electrically discharge to 
provide the value of the memory cell, thereby reducing power 
consumption of the memory. 

ADVANTAGE - Reduces average current for read operation 
significantly. Provides improved cache memory architecture in 
computer system. 
Dwg . 3/3 
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Semiconductor memory e.g cache memory for microprocessor - has 
interruption elements that interrupt through- current flowing through 
selected coil, during reset 

Patent Assignee: TOSHIBA KK { TOKE ) 

Number of Countries: 001 Number of Patents: 001 

Patent Family: 

Patent No Kind Date Applicat No Kind Date Week 

JP 8095859 A 19960412 JP 94233713 A 19940928 199625 B 

Priority Applications (No Type Date) : JP 94233713 A 19940928 
Patent Details: 
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JP 8095859 A 7 G06F-012/08 

Abstract (Basic) : JP 8095859 A 

The semiconductor memory has a cell (1) connected in each 
intersection position of a bit line (103-1) and a word line (102-1) 
which is arranged in the shape of a matrix. The word line is used to 
select a predetermined cell. The bit line is used to perform read/write 
operation on the selected cell. 

A reset element (5) is used to reset the specific cell which is 
connected in the direction of the bit line . During reset, the 
through- current in that cell is interrupted using a pair of 
through-current interruption elements (3,13). 
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Synchronous semiconductor memory esp. DRAM with refresh - has memory cell 
array divided into banks, each with respective read and write registers 
and has read or write operation only to banks designated by external bank 
addresses 

Patent Assignee: MITSUBISHI DENKI KK (MITQ ) 
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US 5384745 A 90 G11C-008/00 

Abstract (Basic) : US 5384745 A 

The semiconductor memory has control signals, external signals 
including address signals having bank addresses and data input 
synchronised with an external clock signal e.g. a system clock. The 
memory includes a cell array divided into banks operated independent 
from each other. There are read data storing registers and write data 
storing registers operating independent from each other, corresp. to 
the banks . The memory banks are activated for memory cell 
selection independent from each other in accordance with the bank 
addresses, which designate individual banks. 

A data read or write operation is performed only for the bank 
designated by the bank addresses. Pref. data input/output setting 
circuitry and bank number setting circuitry, responding to information 
from the data input/output number set, respectively set the number of 
data which can be input or output at one time and set an upper limit on 
the number of banks. 

USE/ADVANTAGE - Implements processor system without cache memory. 
Small area, high speed of operation, low power consumption ; 
multiple functions. 
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Data processing system including modular memory system - stores 
particular data in cache memory of one module and non-volatile memory 
of another module with separate power supply for each module . 

Patent Assignee: INT BUSINESS MACHINES CORP (IBMC ) 
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Abstract (Basic) : EP 543582 A 

The memory system includes a number of split memory modules for 
storing data in first and second sections. The first sections of the 
memory modules comprise a cache memory and the second sections 
comprise a non-volatile memory. A number of power supplies are used 
, each for supplying power to one of the memory modules . 

The same data is stored in the first section of one of the memory 
modules and the second section of another of the modules . Each 
power supply is coupled to a separate cache memory and 
non-volatile memory. A transfer mechanism couples addresses and data to 
or from a source in parallel to one of the cache memories and one of 
i he non- volatile memories not connected to the same power supply. 

ADVANTAGE - By storing data in both sections of different 
modules , powered from separate sources, loss of data is avoided. 
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Set associative cache memory for microprocessor - includes memory 
arrays arranged in group for each line and only memory array selected 
is made operative reducing power consumption 
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Priority Applications {No Type Date) : JP 88198209 A 19880809 

Abstract (Basic): US 5029126 A 

In the cache memory, the set associative type having m sets (m is 
integer and m is greater than 1) is adopted. The cache memory 
'-^uprises n lines (n is a power of two and n is greater than 1) per 
olock and n memory array areas in each of which one word is formed of m 
x k bits, where k is the number of bits in one per line, block and set. 
A memory array area, which is made operative when the cache memory is 
accessed, is limited to only one by an address which selects an offset 
address line. 

Even in the case of a cache memory having an odd number of sets, 
since the memory array is composed for every line and this makes it 
possible to use the memory array as an even number of memory array 
areas, the layout design and the floor plan of a semiconductor 
integrated circuit to be used therein can be made easy and a chip space 
can be effectively utilised. 

USE /ADVANTAGE - Microprocessor needing large capacity cache 
memory, reduces space voltage by dividing memory array into even number 
of sets. (Odd number wastes space). (4pp Dwg.No.1/1) 1 
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LOW POWER - CONSUMPTION CACHE MEMORY DEVICE 
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ABSTRACT 

PROBLEM TO BE SOLVED: To inactively read a cache line even if it has 
a large cache line size, by restricting the divided number of memory to 
a minimum in a set associative type cache memory. 

SOLUTION: The cache memory has plural ways 21, 22, 31 and 32. When a 
cache-hit occurs, a cache control circuit 1, expecting successive access, 
considers succeeding addresses from the plural ways via comparators 51 and 
52, and selects data from the way at a corresponding address side. The 
cache memory is divided into bank memories as storing/reading divisions. 
Preceding bank memories 311 and 321 have smaller sizes, and succeeding bank 
memories 312 and 322 have larger sizes, each including latch circuit for 
latching memory information of the succeeding bank memory. The cache 
control circuit 1 is adapted to read out the information in the latch 
circuit of the succeeding bank memory when reading for successive addresses 
does not change the way. 
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ABSTRACT 

PROBLEM TO BE SOLVED: To reduce average power consumption during the 
da La writing to a memory by comparing, when data writing operation is 
executed to the memory, the latest data content read from the memory with 
the data to be written and then executing the write operation for the part 
in which data content is changed. 

SOLUTION: A cache memory 31 is provided with BE (bit enable) signal 43 and 
the SRAM input/output part is activated or deactivated in every bit 
with the BE signal, 43 to control the operation permitted or non-permitted. 
For this purpose, the latest read data from the cache memory 31 is stored 
in the data input/output flip- flop ( F/F) 32 and conformity between the 
output of F/F 32 and the data 46 to be written into the cache memory 31 is 
determined with a 2-input exclusive OR gate. The BE signal 43 is generate 
• r \f. 'Vi<:h bit of the output: 44 of gate 34 and chip enable signal CE 23 from 
■ ■: -r.o -:ont roller 4 with the 2-input logical OR gate 33. 
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ABSTRACT 

PROBLEM TO BE SOLVED: To reduce power consumption without lowering 
performance by controlling a cache memory sub-system into an inactive state 
when any input operation is not detected for prescribed time by a 
monitoring means. 
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ION: An inactive state detection part (monitoring means) 4 monitors 
input operation at all times. When the input operation is not detected 
he prescribed time by the inactive state detection part 4, a CPU 8 
ols a cache memory sub-system 7 into the inactive state. Thus, 
the inactive state detection part 4 does not detect any input 
lo signal for the prescribed time, an interrupt signal is generated 
■or responding to the generation of this interrupt signal, the CPU 8 
ols cache memories 9 and 9' more than one into the inactive state at 

and inhibits the electrification to those cache memories 9 and 9 ? . 

power consumption can be reduced without lowering performance. 
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Front-end unit for processor, has instruction cache system whose 
output is coupled to segment builder that is selectively disabled by 
access filter coupled to input of cache system 

Patent Assignee: RONEN R (RONE-I); SOLOMON B (SOLO-I) 

Inventor: RONEN R; SOLOMON B 
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Abstract (Basic): US 20030061469 Al 

NOVELTY - An instruction cache system has an input for new 
addresses and an output for decoded instructions. A segment builder 
having an input coupled to the cache system's output, is disabled 
selectively by an access filter coupled to the cache system's input. 
A segment cache is coupled to the segment builder. 

DETAILED DESCRIPTION - INDEPENDENT CLAIMS are also included for the 
following : 



_ m 

(1) cache hit c<^Prrol method; 

(2) cache; and 

(3) access filter. 

USE - Front-end unit for processor. 

ADVANTAGE - The access filter selectively enables or disables 
segment builders within the front-end, to ensure that only instruction 

segments that are likely to be reused by program flow is stored in 
the segment cache , thereby achieving power conservation . 

DESCRIPTION OF DRAWING (S) - The figure shows the processor 
conservation method. 
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Cache meta data storage method in computer, involves storing meta data 
corresponding to stored cache data, in partitioned section of cache 
memory 
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Abstract (Basic) : US 20030005219 Al' 

NOVELTY - The cache memory (150) is partitioned and data is stored 
in partitioned sections of memory. The meta data corresponding to the 
scored cache data, is stored in another partitioned section of the 
cache memory.. 

DETAILED DESCRIPTION - INDEPENDENT CLAIMS are included for the 
following : 

(1) non-volatile memory; 

(2) cache meta data storing system; 

(3) cache meta data storing program; and 

( 4 ) system boot . 

USE - For storing cache meta data in computer. 

ADVANTAGE - The cache state is preserved during power failure 
or normal system shut - down condition, by storing meta data and the 
cache data in the partitioned sections of cache memory, thus 
improves system performance. The initialization time for a cache 



memory is reduced so^rif icantly . 

DESCRIPTION OF DRAWING { S ) - The figure shows an exemplary system 
explaining the cache meta data storage method, 
cache memory (150) 
pp; 9 DwgNo 1/3 
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Secondary battery charging state checking method for portable telephone 
set, involves detecting current consumed by all circuits during which 
command cache is disabled, for preventing memory from entering stand by 
mode 

Pacent Assignee: NIPPONDENSO CO LTD ( NPDE ) 
Number of Countries: 001 Number of Patents: 001 
Patent Family: 
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Abstract (Basic) : JP 2002171686 A 

NOVELTY - The current consumed by all the circuits is detected by 
i he central processing unit (CPU) using an analog-to-digital 
converter, for checking the charged state of the secondary battery. The 
command cache is disabled during the detection to prevent the flash 
read only memory (ROM) storing a control program from entering standby 
mode . 

USE - For portable telephone set. 

ADVANTAGE - Accurately checks the charging state of the battery 
used as the secondary power source using the central processing unit 
(CPU) . 

DESCRIPTION OF DRAWING (S) - The figure shows a flowchart explaining 
the battery charging state checking method. (Drawing includes 
non-English language text). 
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Front end processing system for mobile computing application, has 
instruction processing system whose enable control input is coupled to 
hit/miss output of UOP cache connected to instruction cache 
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Abstract (Basic) : US 20030009620 Al 

NOVELTY - The system has a UOP cache (240) and an instruction cache 
(210) inputs which are coupled to a common addressing input. An 
instruction processing system comprising instruction synchronizer (220) 
and an instruction decoder ( 230 ) , is in communication with the 
instruction cache, and has an enabling control input coupled to the 
hit/miss output of the UOP cache 

DETAILED DESCRIPTION - An INDEPENDENT CLAIM is included for cache. 

USE - For execution of program in processors used in mobile 
computing applications. 

ADVANTAGE - The instruction processing system enables and disables 
internal circuits of processor based on output received from UOP 
cache , thereby the power consumed by front end unit of processor 
is reduced. 

DESCRIPTION OF DRAWING (S) - The figure shows the block diagram of 
front end unit of processor. 
Instruction cache (210) 
instruction synchronizer (220) 
instruction decoder (230) 
UOP cache (240) 
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Data or image processor has an instruction cache consisting of a number 
of cache memory units of which only those storing demanded instructions 
are enabled and powered at any one time 
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Abstract (Basic) : EP 1217502 Al 

NOVELTY - When the first instruction of a block is read all 
instruction cache memory units are enabled. However, when the first 
instruction of the new block is read into a cache memory unit all 
the other cache memory units are disabled while subsequent 
instructions in the block are read into the same cache memory unit 
. When retrieving instructions from the instruction cache a hit in 
one of the memory units is used to" disable all the other units . 
The instruction cache may be provided by memory external to the 
processor . 

DETAILED DESCRIPTION - INDEPENDENT CLAIMS are included for 

(a) a system comprising a processor and an external instruction 
cache memory 

(b) and a controlling method for an instruction cache 
USE - In data processors. 

ADVANTAGE - Reduces power consumption by disabling unwanted 
instruction cache memory units . 
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Abstract (Basic): US 5974505 A 

NOVELTY - In response to a cache request, it is determined whether 
the request information matches with a linefill information in the 
cache memory during ongoing linefill operation. When a match with 
linefill information is determined, an index matching bit is set and 
the clock to the cache memory and tag of the cache are 
temporarily disabled . 

DETAILED DESCRIPTION - When the determination results in a 
mismatch, the cache request matching determination is performed after 
completion of the ongoing linefill operation. The index matching bit of 
the cache memory is reset when a doubleword is received. An INDEPENDENT 
CLAIM is also included for power consumption reduction mechanism in 
• : :h r ? memory . 



USE - For reduci^^ power consumption of non-fc^Pcking cache in 
notebook computers. 

ADVANTAGE - Since the clocks to the tag and cache data arrays 
are turned off immediately when one of the index matching bit is 
asserted, unnecessary tag lookups and unnecessary power dissipation 
from the cache is avoided. By reducing clock signal transition from 
section 's local clock generators to a zero frequency, power 
consumption is reduced. 

DESCRIPTION OF DRAWING (S) - The figure shows the flowchart for 
power consumption reducing procedure in non-blocking cache in a 
notebook computer. 
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Abstract (Basic) : EP 921471 Al 

NOVELTY - The same data line in the cache may be hit multiple times 
in succession, and the cache look-up circuit is by-passed when the data 
is available in the output buffer associated with the cache memory. 

DETAILED DESCRIPTION - A cache controller (52) has an internal 
register for storing the address of an active line currently latched in 
an output buffer of the high speed cache data array (56) which stores 
the cached data values from the main memory. If a memory access request 
specifies an address which would be contained in the active line , the 
cache look-up mechanisms in the tag array (54) and the data .array 
(56) are disabled , and the data is taken from the output buffer. An 
INDEPENDENT CLAIM is included for; a cache memory circuit; a 
processing device having a cache memory. 

USE - High speed, low power cache memory, e.g. associative cache, 
for use in mobile electronic devices e.g. mobile phone or smart-phone. 

ADVANTAGE - Reduces power ■ consumed by the cache circuitry, and 
increases the speed of data retrieval allowing .greater processor speed. 

DESCRIPTION OF DRAWING (S) - The drawing is a block diagram of a 
cache architecture for use in a mobile electronic device. 

Cache memory architecture (50) 

Cache controller (52) 

Tag array (54) 

Data array (56) 
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Cache coherency maintenance for processors in powered down modes - has 
clock spine feeding sets of functional circuits and separate clock 
enables to power cache circuit selectively when needed 
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Abs-iract (Basic): WO 9850846 A 

The integrated circuit, e.g. a processor in a multiprocessor system 
has multiple power down modes. The processor (14) has a number of core 
functional units, e.g. FPU (50), ALU (53) and prefetch logic (34). It 
also has a second set of functional units related to cache control, 
e.g. data (51) and code (38) caches and a bus interface (32). A central 
clock spine (150) feeds all of the units via selection gates (143,144). 

A stop grant circuit (117) can disable (141) one set of units 
to reduce power but leaving the cache circuits operating. A quick 
start circuit (116) can disable (142) cache circuits but rapidly 
re-enable them on bus accesses. 

ADVANTAGE - Reduces power consumption while enabling cache 
coherency and snoop circuits to operate when needed. 
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Power consumption control method for computer system - involves 

stopping power supply to device driver and processor after storing data 

regarding their operating state in memory 
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Abstract (Basic): US 5784628 A 

The method involves detecting the power down condition that 
indicates the need for suspension of computer system. Then, the 
possibility for suspension of computer system is verified. 

The data regarding state of the device driver and a processor is 
stored in the memory. Then, the power supply to the device driver and 
processor is stopped. 

ADVANTAGE - Enables formation of software controlled power control 
unit in computer. Offers standard user interface to control power 
state of computer. Enables effective prediction of power management 
actions. Facilitates delayed switch OFF of disk drive motor until 
disk cache . is flushed. 
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Notebook computer system with power save function - in which cache 
memory is set up in disable state for predefined time after it is 
switched to normal mode, for predetermined time 
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Abstract (Basic): JP 100^^67 A 

The system includes a CPU (11). When the CPU is switched to power 
save mode from normal mode, a controller (12) switches a cache memory 
(14) no the power save mode by supplying power down signal to the 
-i.^he memory. 

When the CPU is switched to normal mode, the cache memory is 
switched to the normal mode and is set up in the disable state by a 
disable unit for a predefined time before it is switched to the 
power save mode. The cache memory is switched to the enable state 
by an enable unit after the predefined time elapses and the access of 
cache memory is continued. 

ADVANTAGE - Realizes reduced power consumption to high 
performance. Prevents malfunction resulting from access of cache memory 
in normal mode. 
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Architecture for fully integrated cache - has cache memory in data and 
access information sections where data section can be disabled and 
word lines formed to protect data from noise 
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Abstract (Basic): EP 624844 A 

The fully integrated cache architecture includes a layout to 
protect against noise. The cache (41) includes a storage array holding 
DATA, TAG, VALID and LRUA bits. The array is formed with these elements 
on a single word line. The tags supplied are compared with stored tags 
by comparators (CA..CD). The LRU control (150) uses this and the 
validity bits to update the LRUA data bits. 

The tag information is received before the data information due to 
uhe layout. This allows some areas of the array to be disabled to save 
power . The metal connection layer protects data from noise. 

USE/ADVANTAGE - High noise immunity, full support of integrated 
validity/LRU cache write mode. Provides power reduction, with true LRU 
update procedure and simple structure without increased access time. 
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. ABSTRACT point digital signal processor (DSP) with variable instruction 
length, offering both high code density and easy programming. 
Architecture and instruction set are optimized for low power 
consumption and high efficiency execution of DSP algorithms, such as for 
wireless telephones, as well as pure control tasks, The processor 
includes an instruction buffer unit... 



...modes, such as circular buffer addressing, further support execution of 
DSP algorithms. The processor includes a multistage execution pipeline 
with pipeline protection features. Various functional modules can be 
separately powered down to conserve power . The processor 
includes emulation and code debugging facilities with support for cache 
analysis . 

. . .SPECIFICATION point digital signal processor (DSP) with variable 

instruction length, offering both high code density and easy programming. 
Architecture and instruction set are optimized for low power 
consumption and high efficiency execution of DSP algorithms, such as for 
wireless telephones, as well as pure control tasks. The processor 
includes an instruction buffer unit... 

...[nodes, such as circular buffer addressing, further support execution of 
DSP algorithms. The processor includes a multistage execution pipeline 
with pipeline protection features. Various functional modules can be 
separately powered down to conserve power . The processor 
includes emulation and code debugging facilities with support for cache 
analysis . 

BRIEF DESCRIPTION OF THE DRAWINGS 

Particular embodiments in accordance with the invention will now be 
described, by way of example only, and with reference ... execution 
pipeline connected to the program flow control unit, the execution 
pipeline having pipeline protection features. An emulation and code 
debugging facility with support for cache analysis, cache 
benchmarking, and cache coherence management is connected to the 
program flow control unit, to the address/data unit , and to the data 
computation unit . Various functional modules can be separately 
powered down to conserve power . 

In another form of the invention, the processor has a cache connected 
between the instruction memory and the memory interface unit, with a 
memory management interface connected to the memory interface unit, the 
memory management unit. . . 

...CLAIMS execution pipeline connected to the program flow control unit, 
the execution pipeline having pipeline protection features; 
rsn emulation and code debugging facility with support for cache 
analysis, cache benchmarking, and cache coherence management 
connected to the program flow control unit, to the address/data unit 
, and to the data computation unit ; and 
wherein various functional modules can be separately powered down 
to conserve power . 
2, The digital system of Claim 1, further comprising: 
a cache connected between the instruction memory and the memory 

interface unit; and 
a memory management interface connected to the memory interface unit, 
the memory management unit... 
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...SPECIFICATION access data having a data class type. Similarly, for each 
cache way, a particular cache control bit within field 106 will determine 
whether that particular cache way can be used to access data having an 
instruction class type. While only the class types of data and 
instruction type have been disclosed... 

...for each way of the multi-way cache, at step 206. Selected ways of the 

cache are enabled based on the enable signals while non- selected ways 

remain disabled ., step 208. 

When accessing the cache, if there is a cache hit, step 210, the cache 

access continues with only the selected cache ways participating... 
...with the data block from external memory corresponding to the 

appropriate . access operation. The access operation is then completed, 

sr.ep 216. 

The above multi-way cache apparatus and method has many benefits. For 
example, in certain processing applications, cache efficiency may be 
increased by providing higher allocation to certain data class types that 
are more often used by such application. For example, in certain 
applications, a higher percentage of instruction type data is accessed 
for processing and would therefore benefit from a higher cached usage. 
By allowing selective allocation of cache resources on a multi way 
basis, such preferred cache allocation can be allotted. In addition, 
since individual cache ways may be de-selected for particular data 
class types, power savings result from non- use of associated power 
consuming circuitry for the non-selected cache ways. Such conservation 
of power dissipation may be especially useful in many low power 
usage applications, such as in low power handled devices. 

Thus, there has been described herein an embodiment including at least 
one preferred embodiment of an improved... 
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.SPECIFICATION or other circuitry in controller 21. This programmability 
can be implemented as either factory or field (user) programmability. 
This programmability of tag lengths can be used to save power and 
match times for shorter tags. 

Further savings in power usage and match times can be accomplished 
by disabling the components of tag compare circuit 25 associated with 
empty cache rows. For example, tag memory 20 might be capable of 
storing tags for IK cache rows. However, if the tag memory 20 is not 
null, sense amps 25a and logic elements 25b - 25e associated with 
unused rows can be disabled . 

As a specific implementation of enabling tag comparisons only for 
tags that are actually stored, a tag memory can be partitioned into 
sections. FIGURE 7 illustrates a tag memory 40 partitioned in teachings 
disclosed herein. Each... 
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. . ."-i E."i FICATION for processing units with associate cache requires the 
• T !, .;;:or: connection to address/command bus 2. 

Common add ress /command bus 2 provides the information resource for 
cache coherence, but does so at the expense of introducing electrical 
loading and associated clock frequency limiting. Conventional load 
buffering latches for clock synchronized computer systems... 

..the activation of the elected master's drivers to avoid a driver overlap 
condition . 

The logical bus architecture of Fig. 2 also provides resources for 
selectively disabling ports connecting individual processing units 
. This capability facilitates the isolation of processing units for 
fault testing, power conservation , or the like. 

The embodiment depicted in Fig. 2 shows a multiplicity of central 
processing units (CPUs) 13-18 electrically connected through their 
address /command . . . 

. .SPECIFICATION for processing units with associate cache requires the 
common connection to address/command bus 2. 

Common address /command bus 2 provides the information resource for 
cache coherence, but does so at the expense of introducing electrical 
loading and associated clock frequency limiting. Conventional load 
buffering latches for clock synchronized computer systems... 

..the activation of the elected master's drivers to avoid a driver overlap 
condition. 

The logical bus architecture of Fig. 2 also provides resources for 
selectively disabling ports connecting individual processing units 
. This capability facilitates the isolation of processing units for 
;. auii: testing, power conservation , or the like. 

The embodiment depicted in Fig. 2 shows a multiplicity of central 
processing units (CPUs) 13-18 electrically connected through their 
address /command . . . 
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. . . SPECIFICATION NOTE: after being turned back on, it will take 

approximately 1 msec for the external crystal to stabilize) . Second, if 
an external oscillator is being used , Power Down mode will disable 
all the system 32 clocks except for the RTC (underscore ) osc . (NOTE: This 
is much faster upon recovery, as there is... 

...'/) can be individually disabled. The ECP 44 and the Three-wire Serial 
interface 50: 1) Connected to OSC (underscore ) CLK/2 ; 2} can be 
individually disabled . The DMA Controller 36 and Bus Interface Unit 
42: i) Uses cpu ( underscore ) cl k (full speed or divided). The DRAM 
Controller 38: 1) Must use OSC (underscore) CLK for DRAM refresh cycles; 2 



.RTC interface. The Global Peripheral Clock Disable/Enable: 1) Controls 
DMA Controller, ECP, Three-wire Interface, and UART . 

The power management system 30 includes several power management 
modes. Power saving features include the following. In Idle Mode the 
internal clock to the CPU 34 will be disabled. All enabled peripheral 
blocks will continue to operate... 

.will re-enable the internal clock to the CPU 34. It should be noted that 
when the CPU 34 is in Idle Mode, the instruction cache cannot snoop. 
Normally, the cache will snoop the addresses to see if a cache 
address is being updated. If so, it flushes the cache . Therefore, the 
user's can take the appropriate action when the CPU 34 is idled. Also, 
when the CPU 34 is in Idle Mode, the... 



9/3, K/6 (Item 6 from file: 348) 

DIALOG (R) File 34 8: EUROPEAN PATENTS 

(c) 2004 European Patent Office. All rts. reserv . 

00810754 

A CACHE COHERENT MULTIPROCESSING COMPUTER SYSTEM WITH REDUCED POWER 
OPERATING FEATURES 

E IN CACHEKOHARENTES MULTIPROZESSORSYSTEM MIT VERMINDERTEN 

BE TRI EBLE I STUNGSMERKMALEN 
SYSTEME INFORMATIQUE MULTIPROCESSEUR A ANTEMEMOIRE COHERENTE CARACTERISEE 

PAR UNE CONSOMMATION REDUITE D 1 ELECTRICITE 

PATENT ASSIGNEE: 

INTEL CORPORATION, (322933), 2200 Mission College Boulevard, Santa Clara, 
CA 95052, (US), (Proprietor designated states: all) 



"A KM E AN , Douglas, M . , 14815 S.W. Bonnie Brae, Beaverton, OR 97007, (US) 
"i<AWFORD f John, 2754 Glorietca Circle, Santa Clara, CA 95051, {US ) 
LEGAL REPRESENTATIVE: 

Wombwell, Francis (46021), Potts, Kerr & Co. 15, Hamilton Square, 
Birkenhead Merseyside CH41 6BR, (GB) 
PATENT (CC, No, Kind, Date): EP 799444 Al 971008 (Basic) 

EP 799444 Al 980325 
EP 799444 Bl 031203 
WO 96032671 961017 
APPLICATION (CC, No, Date) : EP 95944751 951220; WO 95US16601 951220 
PRIORITY (CC, No, Date): US 363735 941223 
DESIGNATED STATES: FR; GB 

INTERNATIONAL PATENT CLASS: G06 F-00 1 / 32 ; G06F-012/00; G06F-013/00 
ABSTRACT WORD COUNT: 4 196 
NOTE : 

No A-document published by EPO 
LANGUAGE ( Publication , Procedural , Applicat ion ) : English; English; English 
FULLTEXT AVAILABILITY: 



Available Text 


Language 


Update 


Word 




CLAIMS B 


(English) 


200349 


284 




CLAIMS B 


(German) 


200349 


272 




CLAIMS B 


(French) 


200349 . 


323 




SPEC B 


(English) 


200349 


3719 


Total 


word count 


- document 


A 


0 


Toe a 1 


word count 


- document 


B 


4598 


Tor a J 


word count 


- documents A + B 


4598 



...SPECIFICATION to all units of the integrated circuit. When the processor 
«;uers.a low-power or STANDBY state as a result of the assertion of 
either the STPCLK# pin or the execution of a HALT instruction, the 

internal clock signal (ICLK) on line 46 is disabled . It should be 
understood, however, that disabling line 4 6 does not alter the 
continuous functioning of PLL circuit 30. In other words, PLL 30 
continues to generate an internal core CLK frequency on line 45 coupled 
to certain portions of microprocessor 20. The portions of microprocessor 
20 which remain operational (i.e., activated by CLK) include PLL 30 , 
the tag comparison arrays of cache units 25 and 26 , a portion of 
interrupt logic unit 29 and bus unit 40. In accordance with the present 
invention, providing power to the selected portions of microprocessor 20 
allows the processor to monitor and respond to external bus traffic for 
the purpose of maintaining cache coherency in MP systems. That is, bus 
arbitration and cache coherency mechanisms are intentionally kept 
active in a reduced power mode of operation. 

Referring now to Figure 2, there is shown a state diagram illustrating 

...of one embodiment of the present invention. In normal operating 

conditions, state 51, microprocessor 20 is active executing instructions. 
This represents the processor's full power state in which both the 
ICLK and CLK signals are coupled to all portions of the IC's internal 
logic . 

The STOP (underscore) GRANT state, represented by block... 

...can be entered by asserting the external STPCLK# pin of microprocessor 
20. In che STOP ( under score ) GRANT state the integrated circuit operates in 
a reduced power consumption mode wherein most . of the internal 
functional units of the processor are deactivated (i.e., ICLK off). On 
the other hand, bus unit 40, the... 

...56 back to AUTO ( underscore ) HALT state 50. 

Figure 2 also includes state 52 which represents the snooping ability 
of the processor when operating in a reduced power mode, as would be 
the case following the assertion of the STPCLKt pin or the execution of a 
HALT instruction. Even though power... 

...control logic, and buses between the data cache and bus interface) other 
than the tag arrays are awakened only if a write-back cycle is required 



In an alternative enSKliment , more aggressive power smm^nq may be 
achieved by disabling the tag comparison logic in certain 
situations, e.g., all the cache entries are invalid, or to power 
down the tag arrays until a snoopable transaction has been detected 
then provide a slightly increased power state to allow the tags to 
perform the snoop operation. 

Note. . . 

...the many different ways that the present invention may be implemented. 

Figure 3 illustrates a timing diagram showing the latency between a 
3TPCLK# request and the STOP (underscore) GRANT bus cycle. Note that for 
the illustrative embodiment , there is a delay of approximately ten 
clocks between the STPCLK# request and the STOP (underscore) GRANT bus 
cycle. This latency is dependent upon the current instruction, the 
amount of data in the CPU write buffers, and system memory performance. 

Data cache 26 of processor 20 utilizes the MESI protocol to enforce 
cache consistency. A line in the data cache can be in the Modified, 
Exclusive, Shared or Invalid state, whereas a line in instruction cache 
25 can be either in the Valid... 

...was completing the snoop transaction. Note that in Figure 4C, two 

: rivate arbitration pins coupled between the two processors are utilized 
to indicate that bus ownershiphas been granted to processor PB) ) (or 
'chat processor PA) ) requests ownership back after completion of the 
writeback operation) . 

Finally, in Figure 4D processor PA) ) reruns the original write cycle 
after processorPB has granted the bus back to processor PA) ) . It is 
important to recognize that processor PB) ) has remained in a reduced 
power consumption mode of operation throughout the entire snoop and 
writeback processes represented by Figures 4A - 4D. This is a key feature 
of the present invention since it provides a considerable advantage in 
computer systems limited by power consumption requirements, but yet 
having a need for cache coherency. 

With reference now to Figure 5, there is shown a specialized test 
register 12 which includes bits to allow software to disable certain 

features of microprocessor 20. For example, the AUTO ( underscore ) HALT 
feature may be disabled to setting bit 6 in register 12 to a "1". In 
this setting, the execution of a HALT instruction does not disable the 
internal clock... 
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.SPECIFICATION an object of the present invention to provide an 
integrated cache that stores both data and the associated access 
information in a manner that reduces power consumption . 

It is another object of the present invention to provide an integrated 
cache architecture that provides a true least recently used cache update 
procedure . 

It . . . 

.area on the chip. For instance, the cache can be reduced to a 3-way 
set-associative or enlarged to a 5-way set associative cache . A few 
more bit lines can be added to provide parity checking. Note that the LRU 
array once initialized has constant parity, such that parity checking may 
be added thereto with no additional bit lines. 

The foregoing and other objects of the present invention are realized 
by a cache formed on an integrated circuit chip for storing data 
fetched from a main storage means, comprising a plurality of index lines, 
each of said index first storage array is to be accessed; and an array 
controller for selectively deactivating at least a portion of said 
first storage array of said selected one of said plurality of index 
lines before an access cycle thereto has been completed. 

In another aspect of the present invention, the cache array comprises 
a plurality of memory cells; a plurality of supply voltage lines disposed 
above and coupled to said plurality of memory cells; a plurality... 
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. SPECIFICATION handshake protocol with the bus. For each bank, the memory 
controller maintains two fields, the number of the row which is currently 
in the d- cache and a valid entry flag for the d- cache as shown in the 
table below: (see image in original document) 

The valid bits for all banks are set to invalid { = 0) after power-on. 
The DRAMs use the buffer also during the refresh operation, destroying 
the d- cache contents. Thus, the valid bits are also set to 0 following 
a refresh operation in a bank. 

On being accessed from the bus, the memory. . . 
.is as follows: (see image in original document) 

The memory controller 18 determines if the accessed row for that bank is 
already in the d- cache (a hit). If it is, then the memory controller 
sends out the column address (position within the d- cache ) and 
activates the column address select (CAS) line for that bank. An active 
CAS for a bank selects that bank for access. Such a hit access is very 
fast, on the order of 35 to 40 ns . If the accessed word is not in the d- 
cache (a miss), then the contents of the d- cache have to be switched. 
To do that, the row address select (RAS) for that bank is made 
inactive and made active again with the row number of the new address. 
This operation, taking only 130 ns., writes back the d- cache contents 
into the DRAM cell matrix and loads the entire new row into the d- cache 
. This extremely short time needed to switch the entire d- cache 
-c;nrents is one of the major reasons for the good performance of the 
*r.*: i »■ r. . The accessed word is read into latch 26 from memory 12... 

.W,;. ri ^56 rows, a row in a bank has to be refreshed, on an average, every 
";.*■) microseconds. Since a refresh operation destroys the d- cache 
concents, every 16 microseconds, the d- cache is declared invalid and 
the first access following refresh will be a miss. Thus, the d- cache 
maximum life expectancy, due to refresh, is 16 microseconds. With the 
availability of extended refresh (64 milliseconds) DRAMs, this is 
improved to 256 microseconds. To... 
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. . . bus (as shown in FIG. 18) or may share CPU bus 6295 with processor 
6293 . 

Furthermore, processor 6291 may be coupled to an optional L2 cache 6298 
similar to L2 cache 6297. 

57 

FIG. 19 illustrates a flow chart of a computer-implemented method for 
treating a hydrocarbon formation based on a characteristic of the 
forma t ion ... 
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Detailed Description 

. . . a cable modem and a LAN would be considered as 
creating "always-on" connection. 

The growing availability of "always-on" connections 
provides the opportunity to utilize the processing power and 
y.crage capacity of computers connected via "always-on" 
connections to. the Internet or other networks. Many 
coinpucers with "always-on" connections... 

. . . service . 

Each cache module 26 is further operable to generate a 
cache status message 27. Cache status message 27 comprises 
a indication of whether a particular cache module 26 is 
active or inactive . More specifically, cache status message 
27 includes a "cache on" or a "cache off" indication. The 
" cache on" indication indicates that the associated cache 
module 26 has gone from an inactive to an active state and 
is requesting to join community 15. The " cache off" 
indication indicates that the associated cache module 26 is 
going from an active to an inactive state and is requesting 
removal from community 15. Cache status message 27 may also 
include an "active" indication. The active indication / 
indicates that the associated cache module 26 is currently 
active, and caching content and handling requests for 
content from browsers 30. The active indication may operate 
as a heartbeat indicating that the associated cache module 
26 is alive. 

Each cache module 26 further comprises a distinct 
location table 29. Location table 29 comprises one or more 
: :.ri i ca l ions of the location within community 15 of cached 

■ ,n: More specifically, location table 29 indicates 

which client 12 is responsible for caching which content. 

in general, table 29 may use any suitable indication for 
indicating which clients 12 to cache content at, such as IP 
addresses, domain names, portions of URLs or a hash value 
based on a content request from browser 30. 

Cache modules 26 may be further operable to provide 
increased anonymity while surfing to users of clients 12. 



5 More specifically, cache module 26 may remove. 



9/3,K/ll (Item 3 fr^file: 349) 

DIALOG (R) File 34 9:PCT FULLTEXT 

(c) 2004 WIPO/Univentio. All rts. reserv. 

00485834 ++ Image available** 

LOCALIZED PERFORMANCE THROTTLING TO REDUCE IC POWER CONSUMPTION 
REGULATION LOCALISEE DU FONCTIONNEMENT POUR REDUIRE LA CONSOMMATION 
D 1 ENERGIE DE CIRCUITS INTEGRES 

Patent Applicant /Assignee : 

INTEL CORPORATION, 
Inventor (s) : 

MITTAL Millind, 

VALENTINE Robert, 
Patent and Priority Information (Country, Number, Date) : 

Patent: WO 9917186 Al 19990408 

Application: WO 97US17492 19970929 (PCT/WO US9717492) 

Priority Application: WO 97US17492 19970929 

Designated States: AL AM AT AT AU AZ BA BB BG BR BY CA CH CN CU CZ CZ DE DE 
DK DK EE EE ES FI FI GB GE GH HU ID IL IS JP KE KG KP KR KZ LC LK LR LS 
LT LU LV MD MG MK MN MW MX NO NZ PL PT RO RU SD SE SG SI SK SK SL TJ TM 
TR TT UA UG UZ VN YU ZW GH KE LS MW SD SZ UG ZW AM AZ BY KG KZ MD RU TJ 
TM AT BE CH DE DK ES FI FR GB GR IE IT LU MC NL PT SE BF BJ CF CG CI CM 
GA GN ML MR NE SN TD TG 

Publicacion Language: English 

Fulltext Word Count: 10786 

Fulltext Availability: 
Detailed Description 

Detailed Description 
. . . also 

reduce performance. Thus, there is a need to reduce the power 
consumed by an IC without reducing its performance. 

For many complex ICs, the power consumed varies widely with 

the task that they are performing. If more of the circuit nodes within 

the 

IC cransition from one to zero or... would be useful, for example, in 
estimating the 

battery life of a portable computing device under normal use. 

It is desirable to reduce the power consumed by an IC by 

reducing or eliminating node transitions in functional units within the 

IC .that are not being used during a particular sequence of operations. 

Iran 

IC shuts down functional units when they are not being used , then 
typical power consumption can be significantly reduced with little or 

no 

Lmpcict on performance. 

However, shutting down functional units is likely to have little 
impact on worst-case power consumption , which often arises when the 
IC is performing sequences of operations that utilize many of the 
functional units within the IC. Worst-case power consumption is 
likely to be substantially higher than typical power consumption . 



5 Often particular functional units or logic blocks within an IC can 
be identified that tend to consume a disproportionate share of the ICs 
power for example, the circuitry in a microprocessor that performs 
floating-point arithmetic. The power consumed by a microprocessor is 
significantly less if it is not called on to perform many floating-point 
operations. 

The worst-case power consumption of a microprocessor might 
involve a sequence of floating point operations that operates on data 
values chosen to maximize node transitions from one to zero. . . 



.reading or writing main memory. 



Additionally, if the iflPtoprocessor performs speculativ^Rvaluations of 

upcoming operations based on predicting which way a branch 
operation will go, power consumption would be increased by increasing 
the percentage of branch operations for which the microprocessor's 
prediction is accurate. This is because an inaccurate prediction flushes 
...mode, i.e. accesses to it are denied. This 

preferably forces the processor into an idle or wait state if it attempts 
to reference the cache when cache unavailable 312 is asserted. 

The values in threshold register 306, inactive decrement register 
305, and active increment register 304 can be programmable by a 
variety. . . 

.active increment register 304 and inactive decrement register 305 can 
be selected to enforce a wide range of maximum duty cycles on the on 
chip cache . Further, the value of threshold register 306 can be 
programmed to vary the maximum duration of bursts of high cache 
activity. This enables high performance on sequence of operations that 
require bursts of cache accesses -- at least for those bursts of 
duration 1 0 within tolerable power - consumption limits. 

Design Alternatives for Programmability 

The invention is flexible in that it encompasses a wide range of 
design alternatives for programming or setting the contents of the 
1 5 throttling parameters associated with a particular functional 
unit , i.e. of 

threshold register 306, inactive decrement register 305, and active 
increment register 304. They could be read-only values programmed to 
the desired value like a read-only memory {ROM. . . 

.one-time-only writing process such as 
lowing a fusible link for each bit. These design alternatives allow 
: rerent versions of the 1C with different power consumption and 

; .r- r rormance specifications. 

Alternatively, programming the throttling-parameter values could 
be under software control either under control of the platform 
software 

or basic input /output .. . 
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Detailed Description 

. . . NOTE: after being turned back on, it will take approximately I msec 
for the external crystal to stabilize) . Second, if an external oscillator 
is being used , Power Down mode will disable all the system 32 clocks 
except for the RTC-osc. (NOTE: This is much faster upon recovery, as 



*■ here is no . . . 




. .OSC; 2) can be individually disabled. The ECP 44 and the Three-wire 
Serial Interface 50: 1) Connected to OSC-CLK/2; 2) can be individually 
disabled . The DMA Controller 36 and Bus Interface Unit 42: 1) Uses 
cpu-clk (full speed or . . . RTC interface. 

The Global Peripheral Clock Disable/Enable: 1) Controls DMA Controller, 
ECP, Three-wire Interface, and UART . 

The power management system 30 includes several power management modes. 

Power saving features include the following. In Idle Mode the 
internal clock to the CPU 34 will be disabled. All enabled peripheral 
blocks will continue to operate... 

..will re-enable the internal clock to the CPU 34. It should be noted that 
when the CPU 34 is in Idle Mode, the instruction cache cannot snoop. 
Normally, the cache will snoop the addresses to see if a cache 
address is being updated. If so, it flushes the cache . Therefore, the 
user's can take the appropriate action when the CPU 34 is idled. Also, 
when the CPU 34 is in Idle Mode, the... 
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. . . the snooping 

ability of the processor when operating in a reduced power mode, as WO 
96/32671 PCTfUS95116601 I 0 

processor snoops -- by keeping the cache units tag comparison logic 
enabled by CLK This is illustrated in Figure 1 , wherein the CLK signal 
on line 45 is coupled to the tag comparison logic of caches 25 and 26. 

On the other hand, the ICLK signal is disabled to the data array portions 
of the caches to minimize power consumption. When a snoop occurs, 
the MESI (i.e., Modified, Exclusive, Shared, Invalid) cache protocol 
bits 

are updated when the need arises. Portions of the processor {e.g., at 
least the data cache , associated cache control logic, and buses 
between the data cache and bus interface) other than the tag arrays are 
awakened only if a write-back cycle is required. In an alternative 
embodiment, more aggressive power saving may be achieved by 



disabling the tag 

the 




"iparison logic in certain sit' 




ions, e.g., all 



cache entries are invalid, or to power down the tag arrays until 

a 

snoopable transaction has been detected then provide a slightly 
increased power state to allow the tags to perform the snoop operation. 

Note . . . 

...GRANT bus cycle. This 

latency is dependent upon the current instruction, the amount of data in 
the CPU write buffers, and system memory performance. 

Data cache 26 of processor 20 utilizes the MESI protocol to 
enforce cache consistency. A line in the data cache can be in the 
Modified, Exclusive, Shared or Invalid state, whereas a line in 
instruction cache 25 can be either in the Valid or Invalid... 
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. . . working 

CPU 706 and clock generator 708. The second N-bit microprocessor chip 
labeled 710 includes a working FPU 712 and TLB 714. A first cache 
memory unit chip 716 includes a working cache controller 718 and a 
second cache memory unit chip 720 includes a working cache RAM 722. 

An external bus is used to interconnect the chips. Because the paths 

between the functional modules are longer on hardware emulation 

accelerator 700... added to the system so that additional control 

or functionality can be added. Software block 724 thus provides a means 

of fle3dbly changing control of modules or blocks or added 

functionality 

to the hardware emulation accelerator. 

By employing " selective power down " of the functional modules not 
used for the hardware emulator accelerator, further power saving and 
prolonging of chip life time can be achieved. Since static CMOS circuits 
use negligible power when not switching, selective power down can be 
..mpiemenced by not providing clock signals or input signals to the unused 
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Do L ailed De s c r i p t i on 

. . . In many modern computer systems, a reduced level of system power, 

-a!, led 

"trickle power," is available so long as the computer system is connected 
to line power. In such systems, trickle power can be used to power 

the user cache even when the computer system is turned off . When 
system power is lost entirely, the power source selector detects the 
power loss and switches to the battery 65 to maintain power to the... 

...In the reduced power state, DRAM refresh operations are continued either 
under control of the DRAM controller 63 or by logic on board the DRAM 
components themselves . Other logic elements within the user- cache 
25, including the bus interface circuitry 61 and portions of the DRAM 
controller that operate on access requests from the bus interface 
circuitry are shut down to save power . Unused rows of the DRAM 
array may be shut down to save power . 

In one embodiment, the expansion bus 18 of Fig. 1 is a peripheral 

component interconnect (PCI) bus and the bus interface circuitry 61 of 
the user cache 25 is a PCI bus interface for sending and receiving 
data, address and control signals on the PCI bus. Herein, PCI bus refers 
to a . . . 
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Detailed Description 

. . . man modem computer systems, a reduced level of system power, called 

■ y 

"trickle power, " is available so long as the computer system is connected 
to line power. In such systems, trickle power can be used to 
power the user cache even when the computer system is turned off . 
When system power is lost entirely, the power source selector detects the 
power loss and switches to the battery 65 to maintain power to the. . . 
...In the reduced power state, DRAM refresh operations are continued either 
under control of the DRAM controller 63 or by logic on board the DRAM 
components themselves. Other logic elements within the user- cache 
25, including the bus interface circuitry 61 and portions of the DRAM 
controller that operate on access requests from the bus interface 
circuitry are shut down to save power . Unused rows of the DRAM 
array may be shut down to save power . 

in one embodiment, the expansion bus 18 of Fig. 1 is a peripheral 

component interconnect (PCI) bus and the bus interface circuitry 61 of 
the user cache 25 is a PCI bus interface for sending and receiving 
data, address and control signals on the PCI bus. Herein, PCI bus refers 
to a . . . 
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. * :i".ed Description 
. . . iow-power instruction, the 

Hardware shuts down power to all disks and tapes in its 
processor subsystem (and performs other shut down operations 
such as powering down all unnecessary components ) . 

In one embodiment, the processor # 
240 goes into a 

reset state, minimizing its power consumption . In another, 
the processor #-240 continues to execute, perhaps using cache 
memory only, In some implementations, by not accessing main 
memory, the processors # 240 consumes less power . Slowing 
down the clock to the processor #.240 also results in lower 
power consumption . (Some laptop systems slow down their 
clocks at certain times to conserve battery power , ) 
The processor subsystem # 
210 may also shut down 
cooling fans. 

SUBSTITUTE SHEET (RULE 26) 

The low-level reset routine never returns. Instead, 
if the outage . . . 
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' * * -j : \ eci Description 

. . . ;r.i*. 34 5 executes the P@tOps by 



'enabling or disabling ^Rck signals that are coupled to^Rher functional 
units throughout the microprocessor. These other functional units 
may include but are not limited to the FEU, IEU, MIU, and AGU. The 
power unit 345 may also be implemented to control clock signals 
which are coupled to registers, queues, caches , etc., thereby allowing 
the Power Unit to control power consumption in any unused or 
unneeded functional units . By disabling clock signals, the power 
consumed in the disabled functional units is dramatically reduced. 

As shown in Fig. 3, the IFU 320 is coupled to the ID 332. In the 
present embodiment, the ID 332 provides... 
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Detailed Description 

. . . the maximum clock speed, and thus the 

slow speed clocks will not be implemented until the saved 
state information is restored to the processor at block 
3112 in Figure 33, or in other words when the application 
program is resumed, Finally, still in block 3122, the 
processor 3011 disables the cache memory 3013, In some 
systems, disabling of the cache memory may cause the system 
v.o use more power than when the cache is enabled, in which 
case disabling of the cache can be omitted, However, in 
systems where disabling the cache memory reduces power 
consumption , it is implemented at this point. 
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TIM? ? OR VAU OR LINE? ? OR BLOCK? ? OR PIECE? ? OR PORTION? ? 
OR COMPONENT? ? OR SEGMENT? ? OR CONSTITUENT? ?) 

55 7328272 POWER??? OR POWERUP OR ENABL??? OR ACT I VAT? OR (TURN??? OR 

SWITCH??? OR FLIP???? OR TOGGL???) (3W)ON OR ENGAG? ?? OR ELECT- 
RICITY OR CURRENT 

56 4 9584 S3(7N)S5(7N) (UNIT? ? OR SECTION? ? OR PART? ? OR MODULE? ? 

OR ELEMENT? ? OR WAYS OR BANK? ? OR FIELD? ? OR TAG? ? OR VIC- 
TIM? ? OR VAU OR LINE? ? OR BLOCK? ? OR PIECE? ? OR PORTION? ? 
OR COMPONENT? ? OR SUBCOMPONENT? ? OR CONSTITUENT? ?) 
S" 189839 (POWER OR ELECTRICITY) (3N) (CONSUMPTION OR CONSUMED OR CONS- 

UME OR CONSUMES OR CONSUMING OR USE OR USED OR USAGE OR EXPEN- 
DITURE? ? OR SAV??? OR CONSERV? OR UTILIZ? OR UTILIS? OR PRES- 
ERV? OR SPENT OR SPENDING) 

58 17 SI AND S4 

59 66 SI AND S6 

510 23 S9 AND S7 
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? OR COMPONENT? ? OR SEGMENT? ? OR CONSTITUENT? ?) 

515 16 S7 AND S14 

516 10 RD (unique items) 

517 3 S16 NOT PY=2001:2004 

518 ' " 16 s S15 OR S17 

l S"19~" " 276 AU= ( MAI YURAN , S? OR MAIYURAN S? OR MOULTON, L? OR MOULTON - 
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Journal Announcement: 0403W2 

Abstract: Silicon technology advances have made it possible to pack 
millions of transistors - switching at high clock speeds - on a single 
chip. While these advances bring unprecedented performance to electronic 
products, they pose difficult power /energy consumption problems. For 
example, large number of transistors in dense on-chip cache memories 
consume significant static (leakage) power even if the cache is not 
used by the current computation. While previous compiler research studied 
code and data restructuring for improving data cache performance, to our 
knowledge, there is no compiler-based study that targets data cache leakage 

power consumption . In this paper, we present code restructuring 
techniques for array-based and pointer-intensive applications for reducing 
data cache energy consumption. The idea is to let the compiler to 
analyze the code and insert instructions that turn off cache lines 
that keep variables not used by the current computation. This turning 
off does not destroy contents of a cache line , and waking up the 
cache line incurs very little overhead. Due to data locality, we find 
that at a given time only a small portion of the data cache needs to be 
active; the remaining part can be placed into a leakage-saving mode 
(state); i.e., they can be turned off . Our preliminary results 
indicate that the proposed strategy reduces the cache energy consumption 
significantly. We also show that several compiler optimizations increase 
the effectiveness of our strategy. 41 Refs. 

Descriptors: * Program compilers; Cache memory; Microprocessor chips; 
Energy utilization; Transistors; Data structures; Data storage equipment; 
Computer architecture; Algorithms 

Identifiers: Compiler analysis; Code restructuring; Energy optimization; 
Data caches 
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Abstract: On-chip caches represent a sizable fraction of the total power 
consumption of microprocessors. Although large caches can 
significantly improve performance, they have the potential to increase 
power consumption . As feature sizes shrink, the dominant component of 
this power loss will be leakage. However, during a fixed period of time 
the activity in a cache is only centered on a small subset of the lines. 
This behavior can be exploited to cut the leakage power of large caches by 
putting the cold cache lines into a state preserving , low- power drowsy 
mode. Moving lines into and out of drowsy state incurs a slight 
performance loss. In this paper we investigate policies and circuit 
Techniques nor implementing drowsy caches. We show that with simple 
i : -vn i ■ eccural techniques, about 80% -90% of the cache lines can be 
:• ri : r, • a i ned in a drowsy state without affecting performance by more than 
; . According co our projections, in a 0.07 urn CMOS process, drowsy caches 
wi .11. be able to reduce the total energy (static and dynamic) consumed in 
the caches by 50%-75%. We also argue that the use of drowsy caches can 
simplify the design and control of low-leakage, caches , and avoid the need 
to completely turn off selected cache lines and lose their state. 
12 Refs. 
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One approach to exploring instruction-level parallelism is 
superpipelining which uses deep pipelines to achieve high clock rates. 
Pipeline hazards, memory latency, and power consumption are three vital 
factors that limit the benefits of superpipelining. This dissertation 
presents several novel approaches to achieve high-performance and 



energy-efficient superpi|K-ined microprocessors. These approaches focus 
mainly on reducing pipeline stalls, memory latency, and energy consumption 
of unnecesary bit switches. 

To reduce the number of pipeline stalls, an optimizing instruction 
scheduler, named Super-reorderer , was built in which in-block scheduling 
and cross-block scheduling are applied to minimize the number of data and 
structural hazards. A novel branch scheme is proposed, called branch with 
masked squashing, to minimize the number of control hazards. The basic idea 
of branch with masked squashing is to fill delay slots with safe 
instructions which may come before or after the branch. For the remaining 
unfilled delay slots, instructions from the predicted target path are used 
to fill the delay slots. In the case of misprediction, only unsafe 
instructions are annulled. The safe instructions in branch delay slots are 
always executed. 

To reduce memory latency, unconventional cache mapping functions, 
hardware-controlled instruction prefetching, and software-controlled data 
prefetching techniques are investigated. Two novel unconventional cache 
mapping functions: bit-flipping and segmented bit-selection are proposed 
and evaluated. A direct-mapped cache with these unconventional cache 
mapping functions can achieve high hit rates, while maintaining a hit time 
as fast: as a direct-mapped cache with traditional mapping. A novel 
technique for software-controlled data prefetching is proposed in which the 
starting data in a data region of a working set is prefetched .by software 
and the subsequence data in the data region is prefetched by hardware. One 
of the limitations of the software-controlled data prefetching techniques 
is the execution overhead caused by prefetch instructions. A novel 
instruction set is proposed in which non-memory-access operations are 
combined with an optional prefetch operation to effectively eliminate the 
execution overhead caused by a prefetch instruction. A novel 
hardware-controlled instruction prefetching technique, called branch 
correlation-based cache prefetching (BCCP) , is proposed. The BCCP, which 
takes advantage of high branch prediction accuracies of correlation-based 
cache prediction and aggressive cache line look ahead prefetching, is able 
to effectively hide long instruction cache latency. 

To reduce energy consumption in a modern instruction set processor, 
several novel hardware and software techniques are investigated. A software 
technique, called Cold Scheduling, is proposed to reduce energy consumption 
in the control path. The basic idea is to apply compilation techniques to 
reorder instruction sequences such that the amount of bit switching on the 
control path is minimal during program execution. Dynamic power management, 
which automatically shuts down power consumption in unused 
functional units during program execution, is investigated to reduce 
energy consumption in the data path. Two novel cache design techniques 
are proposed, namely Gray code addressing and cache partitioning, to 
reduce energy consumption in the caches. The idea of the Gray code 
addressing is to minimize the bit switches on address buses and I/O pads 
which usually consume a significant amount of energy in the caches. The 
idea o? cache partitioning is to minimize average energy consumption in 
each cache access by vertically or horizontally partitioning cache memory 
cell arrays. (Abstract shortened by UMI . ) 
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Abstract: Both power and performance are important design parameters of 
the present day processors. We explore an integrated software and circuit 
level technique to reduce leakage power in LI instruction caches of high 
performance microprocessors, by eliminating basic blocks from the cache, as 
soon as they are dead. The effect of this dead block elimination in cache 
on both the power consumption of the I-cache and the performance of the 
processor is studied. Identification of basic blocks is done by the 
compiler from the control flow graph of the program. This information is 
conveyed to the processor, by annotating the first instruction of selected 
'casic blocks . During execution, the blocks that are not needed further 
are l raced and invalidated and the lines occupied by them are turned 

off . This mechanism yields an average of about 5% to 16% reduction, in 
che energy consumed for different sizes of I- cache , for a set of the SPEC 
CPU 2000 benchmarks, without any performance degradation. (18 Refs) 
Subfile: B C 
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<\h.s- rari : On-chip caches represent a sizable fraction of the total power 
consumption of microprocessors. Although large caches can significantly 
• : : ■•■>- performance, they have the potential to increase power 
consumption . As feature sizes shrink the dominant component of this power 
will be leakage. However, during a fixed period of time the activity 
in a cache is only centered on a small subset of the lines. This behavior 
can be exploited to cut the leakage power of large caches by putting the 
cold cache lines into a state preserving , low- power drowsy mode. Moving 
lines into and out of drowsy state incurs a slight performance loss. In 
this paper we investigate policies and circuit techniques for implementing 
drowsy caches. We show that with simple architectural techniques, about 
80%-90% of the cache lines can be maintained in a drowsy state without 
affecting performance by more than 1%. According to our projections, in a 



0.07 urn CMOS process, dr»By caches will be able to reduc^Phe total energy 
(static and dynamic) consumed in the caches by 50%-75%. We also argue 
that the use of drowsy caches can simplify the design and control of 
low-leakage caches , and avoid the need to completely turn off 
selected cache lines and lose their state. (12 Refs) 
Subfile: B C 
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Abstract: Reducing the supply voltage to reduce dynamic power 
consumption in CMOS devices, inadvertently will lead to an exponential 
increase in leakage power dissipation. We explore an architectural idea to 
reduce leakage power in data caches . Previous work (Wood et al . , 1991) 
has shown that cache frames are "dead" for a significant fraction of 
time. We are exploiting this observation to turn off cache lines 
that are not likely to be accessed any more. Our method is simple: if a 
cache - line is not accessed within a fixed interval (called decay 
interval) we turn off its supply voltage using a gated V/sub dd/ 

technique introduced previously (Powell et al., 2000). We study the effect 
of cache - line decay on both power consumption and performance. We 
find that it is possible with cache- line decay to build larger caches 
that dissipate less leakage power than smaller caches while yielding equal 
or better performance (fewer misses). In addition, because our method can 
dynamically trade performance for leakage power it can be adjusted 
-re : d inq to the requirements of the application and/or the environment. ( 

:Si:bt lie : 3 C 
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ABSTRACT: Power consumption due to leakage increases rapidly as devices 
scale to smaller geometries. We propose way-variable caches that 
dynamically adapt the number of active ways according to runtime 
requirements. By entirely gating the unused ways from the voltage 
supply, the leakage can be significantly reduced. We then apply an 
original algorithm utilizing data access locality to make proper 
resizing decisions. Performance evaluations are done with a superscalar 
processor model having 16-KB, 4-way set-associative LI instruction and 
-J'jta caches . The results verified that, on average, 1.7 ways of the 
instruction cache can be disabled with only 1.3% performance 
degradation in the case of instruction cache . The values are 1.5 
ways and 1.1% in the case of the data cache . (author abst . ) 
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ABSTRACT: In the design of a set-associative cache, maintaining low average 
access time and reducing the average energy dissipation are important 
issues. In this paper, we propose a set-associative cache that can 
provide the flexibility to configure its associativity according to 
different program behaviors, which means that the proposed cache 
scheme can be configured from n-way set-associative cache to 
direct-mapped cache . Besides, the proposed cache scheme also can 
disable all tag -subarrays and only enable a desired data-subarray 
when adjacent memory references are within the same block as the 
previous access. By this scheme, the power consumption can be 
saved when an n-way set -associative cache configures the cache with 
lower associativity (less than n) due to only enabling fewer subarrays 
of the tag memory and data memory, and when the tag checking is 
eliminated for the intra- block access due to disabling all 
subarrays of the tag memory. However, the performance is still 
maintained to the same as the conventional set-associative cache or 
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Both power and performance are important design parameters of the present 
day processors. This paper explores an integrated software and circuit 
level technique to reduce leakage power in LI instruction caches of high 
performance microprocessors, by eliminating basic blocks from the cache, as 
soon as they are dead. The effect of this dead block elimination in cache 
on both the power consumption of the I-cache and the performance of the 
processor is studied. Identification of basic blocks is done by the 
compiler from the control flow graph of the program. This information is 
conveyed to the processor, by annotating the first instruction of selected 
basic blocks . During execution, the blocks that are not needed further 
are traced and invalidated and the lines occupied by them are turned 

off . This mechanism yields an average of about 5% to 16% reduction, in 
the energy consumed for different sizes of I- cache , for a set of the SPEC 
CPU 2000 benchmarks (16), without any performance degradation. 
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Reducing the supply voltage to reduce dynamic power consumption in 
CMOS devices, inadvertently will lead to an exponential increase in leakage 
power dissipation. In this work we explore an architectural idea to reduce 
leakage power in data caches . Previous work has shown that cache frames 
are "dead" for a significant fraction of time (14). We are exploiting this 
observation to turn off cache lines that are not likely to be 

accessed any more. Our method is simple: if a cache - line is not 
accessed within a fixed interval (called decay interval) we turn off 
its supply voltage using a gated V SUB d SUB d technique introduced 
previously (12). We study the effect of cache - line decay on both power 
consumption and performance. We find that it is possible with cache- 
line decay to build larger caches that dissipate less leakage power than 
smaller caches while yielding equal or better performance (fewer misses) . 
In addition, because our method can dynamically trade performance for 
leakage power it can be adjusted according to the requirements of the 
application and/or the environment. 
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Abstract: In the design of a set-associative cache, maintaining low average 



access time and reduBKg the average energy dissipatiS^are important 
issues. In this paper, we propose a set-associative cache that can 
provide the flexibility to configure its associativity according to 
different program behaviors, which means that the proposed cache 
scheme can be configured from n-way set-associative cache to 
direct-mapped cache . Besides, the proposed cache scheme also can 
disable all tag -subarrays and only enable a desired data-subarray 
when adjacent memory references are within the same block as the 
previous access. By this scheme, the power consumption can be 
saved when an n-way set-associative cache configures the cache with 
lower associativity (less than n) due to only enabling fewer subarrays 
of the tag memory and data memory, and when the tag checking is 
eliminated for the intra- block access due to disabling all 
subarrays of the tag memory. However, the performance is still 
maintained to the same as the conventional set-associative cache or 
uhe direct -mapped cache . 
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and the performance ^^the processor is studied. Idenl^Pication of 

basic blocks is done by the compiler from the control flow graph of the 

program. This information is conveyed to the processor, by annotating 

the first instruction of selected basic blocks . During execution, the 
blocks that are not needed further are traced and invalidated and the 
lines occupied by them are turned off . This mechanism yields an 

average of about 5% to 16% reduction, in the energy consumed for 

different sizes of I- cache , for a set of the SPEC CPU 2000 benchmarks 
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ABSTRACT : 

h; " . h power and performance are important design parameters of the present 
day processors. This paper explores an integrated software and circuit 
level technique to reduce leakage power in LI instruction caches of high 
performance microprocessors, by eleminating basic blocks from the cache, as 
soon as they are dead. The effect of this dead blocks elemination in cache 
on both the power consumption of the I-cache and the performance of the 
processor is studied. Identification of basic blocks is done by the 
compiler from the control flow graph of the program. This information is 
conveyed to the processor, by annotating the first instruction of selected 
basic blocks . During execution, the blocks that are not needed further 
are traced and invalidated and the lines occupied by them are turned 
off . This mechanism yields an average of about 5 % to 16 % reduction, in 
the energy consumed for different sizes of I- cache , for a set of the SPEC 
CPU 2000 benchmarks, without any performance degradation. 
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ABSTRACT : 

On-chip caches represent a sizable fraction of the total power 
consumption of microprocessors. Although large caches can significantly 
improve performance, they have the potential to increase power 
consumption . As feature sizes shrink the dominant component of this power 
loss will be leakage. However, during a fixed period of time the activity 
in a cache is only centered on a small subset of the lines. This behavior 
can be exploited to cut the leakage power of large caches by putting the 
cold cache lines into a state preserving , low- power drowsy mode. Moving 
lines into and out of drowsy state incurs a slight performance loss. In 
this paper we investigate policies and circuit techniques for implementing 
drowsy caches. We show that with simple architectural techniques, about 
80%-90% of the cache lines can be ' maintained in a drowsy state without 
affecting performance by more than 1%. According to our projections, in a 
0.07 urn CMOS process, drowsy caches will be able to reduce the total energy 
{static and dynamic) consumed in the caches by 50%-75%. We also argue 
that the use of drowsy caches can simplify the design and control of 
low-leakage caches , and avoid the need to completely turn off 
selected cache lines and lose their state. 
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ABSTRACT: 

The PowerPC 603 incorporates a variety of features to reduce power 
dissipation: dynamic idle-time shutdown of separate execution units , 
low-power cache design, and power considerations for standard cells, 
data-path elements , and clocking. System-level features include three 
software-programmable static power management modes and a 
ha rdware-programmable phase-lock loop. Operating at 80 MHz, the 603 
typically dissipates 2.2 W, while achieving an estimated 75 Specint92 and 
85 Specfp92. 
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ABSTRACT: 

This report analyzes the feasibility of upgrading the Intel 386 
microprocessor, which has been proposed as the baseline processor for the 
Space Station Freedom {SSF) Data Management System ( DMS ) , to the more 
/jditvjnced i486 microprocessor. The items compared between the two processors 
ini-'.ude the instruction set architecture, power consumption , the 
y.l L-STD-383C Class S (space) qualification schedule, and performance. The 
l:6 van Lages of the i4 8 6 over the 38 6 are lower power consumption and 
higher floating-point performance in speed. The i486 on-chip cache , 
however, has neither parity check nor error detection and correction 
circuitry. The i486 with on-chip cache disabled , however, has lower 
integer performance in speed than the 386 without cache , which is the 
current DMS design choice. The benchmark performance of a 386-based 
prototype Flight Equivalent Unit (FEU), which is the closet configuration 
to the DMS design as of April 1991, is only about 50 % of a PS/2 Model 70 
with cache, which is generally considered as a 4 MIPS (million instructions 
per second) computer. Adding cache to the 386/387 DX memory hierarchy 
appears to be the most beneficial way to enhance computation-intensive 
performance for the current DMS design at this time. 



